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INTRODUCTION. 


Wherever it occurs the Mexican bean beetle is by far the most 
serious enemy of beans. It has been known for about 75 years 
in the Southwest, where it has undoubtedly been established for a 
longer period. It was long ago reported that in Colorado its possi- 
bilities as a pest were greater than those of the Colorado potato 
beetle. In many sections in the Southeast it is often the determining 
factor in the growing of beans. 

The original home of this beetle is southern North America. It 
occurs in many parts of Mexico and in Guatemala. 

The species was first discovered in the Southeast in_ 1920, when 
specimens were received at the Alabama Experiment Station from 
Blocton and Birmingham, Ala. Authentic reports by various 
growers indicate that the insect was not at all uncommon about 
Birmingham in 1919, and it is presumed that it reached Alabama at 
least as early as 1918. 

It has been pointed out by Dr. W. E. Hinds that during the recent 
Kuropean war large shipments of alfalfa hay from the West were 
received in northern Alabama, and it is possible that the insect 
was introduced with these shipments, the infestation originating 
from the Southwest rather than from Mexico. In 1921 the insect 
was reported from Thomasville, Ga., by S. E. McClendon, the infes- 
tation indicating the presence ‘of the Hestle there for at least one 
year before that time. 


1 Epilachna corrupta Muls.; order Coleoptera, family Coccinellidae. 
2 Report on research investigations on the Mexican bean beetle conducted Gane the years 1921 and 1922, 
During 1921 the project was carried on cooperatively with the Alabama Experiment Station. 
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By the fall of 1920 the bean crop about Birmingham and Blocton 
Ala., was destroyed by the bean beetle. In 1921 the infestation was 
extremely severe, and most of the early bean crop was destroyed. 


| K = : % Wiz aeeee 

! Fic. 1.—Bush snap beans destroyed by the Mexican bean beetle at Birmingham, Ala. Velvet 

. beans adjacent were not attacked. 

By August 1 there was hardly a bean field in bearing near Birming- 
i) ham. (Pl. I, A, B.) Reports of severe damage came also from 
other points in northern Alabama. 


| Fic. 2.—Destruction of pole lima beans by the Mexican bean beetle at Birmingham, Ala. 

. . 

In 1921 the price of snap beans and Lima beans rose to unusual 
) levels on the Birmingham markets, owing to the practical destruction 
' by this insect of bean plantings in the district. At Chattanooga, 
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Tenn., where the insect was not known to occur until 1921, the same 
situation occurred in 1922, one year after the insect reached that 
region. (Figs. 1, 2.) By the fall of 1922 practically no beans 
were growing about Chattanooga. Serious damage also occurred 
about Atlanta and other points in northern Georgia, and in many 
sections of eastern Tennessee. 


DESCRIPTION. 


The Mexican bean beetle is a robust, hard-shelled insect of hemi- 
spherical form bearing eight black spots on each elytron or wing 
cover. (Fig. 3; Pl. Il, A.) Typical adults measure about one- 
fourth to five-sixteenths inch in length and one-fifth to one-fourth 
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Fic. 3.—Adults of the Mexican bean beetle, showing variations in size and marking. 


inch in width, and when fully mature are copper-colored. Newly 
emerged specimens are light lemon yellow. Males are distinguished 
from females by a notch in the posterior abdominal segment, this 
notch being absent in the females. Males average slightly smaller, 
but many are as large as females. 

The eggs are small, about one-twentieth of an inch long, orange- 
colored, and are laid in masses of from 40 to 60 on the under sides 
of the bean leaves. 

The larve, on hatching from the eggs, are orange-colored, and 
are covered with long branched spines. (Fig. 4; PL LAs) Phew, : 
Bow rapidly and become about one-third inch long and half as wide | 

efore pupation takes place. (PI. II, B.) 


The pupa is almost the size of the beetle, is yellow, and is attached 
to the leaf or object on which it pupates by the last larval skin, 
which is white and spiny and covers the posterior abdominal seg 
ments: “(Ph itl A, B.) | 
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The Mexican bean beetle belongs to the family Coccinellide, or lady- 
birds, and all the known species in this country are beneficial except 
the insect under discussion and the squash lady-beetle (Epilachna 
borealis Fab.). The Mexican bean beetle has never been known to. 
eat other insects, and it resembles more closely in many ways the 
family of leaf-eating beetles, or Chrysomelide, than the Coccinellide. 


DISTRIBUTION.?* 


The rapid spread of the Mexican bean beetle since its introduction 
into the Southeast has been remarkable. In 1920, late in the sum- — 
mer, Dr. W. E. Hinds and coworkers found 13 counties infested in — 

: northern Alabama. In 1921 a © 
rapid spread in all directions — 
took place, especially to the — 
northeast. By fall the insect — 
was found in portions of six 
States, over an area of approxi-— 
mately 40,000 square miles, as 
compared with 4,500 square 
miles infested the previous year. — 
The distribution in 1922 in the 
Southeast, so far as known, 
covered at least 70,000 square — 
miles in seven States. (See — 
map, fig. 5.) ; 

An isolated infestation was 
reported in 1921 at Thomas- 
ville, Ga., near the Florida line. 
Fic. 4.—Y larvee of the Mexican bean beetle cling- This infestation covered 1a 

a ing aan Sian time after hatching. square miles. No appreciable 
spread in this locality occurred 
during 1922, only 3 additional square miles being infested. 

The spread in general has been decidedly to the north. In the — 
fall of 1920 the most northern locality found to be infested was_ 
Dekalb County, Ala. One year later the infestation had reached — 
Whitley and McCreary Counties, Ky., Hawkins County, Tenn., and — 
Greenville County, S. C., all of which points are more than 200 miles — 
from Dekalb County, Ala. In 1922 this rapid spread continued, and — 
the insect traversed an area 110 miles across to the northwest at its 
widest point, viz, from Whitley and McCreary Counties to Bullitt 
County, Ky. No records are available and no scouting was done in — 
eastern Kentucky. It is certain, however, that the insect is present — 
at least over the territory southeast of Madison, Jackson and Clay 
Cotnties. Fayette County, Ky., and Lee and Scott Counties, Va., — 
were scouted by the Bureau of Entomology and found to be infested. — 

A 

8 Since this paper Was prepared new records of spread have been received, chiefly through the coopera= 
tion of entomologists in the States concerned. The beetle is now present in the following localities in 
addition to those mentioned above: Ross, Gallia, Jackson, Adams, Highland, Pike, Scioto, and Frank-— 


lin Counties, Ohio; Ashe, Avery, Burke, Cleveland, Gaston, Lincoln, McDowell, Polk, Rutherford, Watauga, — 
Buncombe, Madison, and Yancey Counties, N. C.; Abbeville, Cherokee, and Spartanburg Sa 


8. C.; Lamar County, Ga.; Washington and Unicoi Counties, Tenn.; Lee County, Ala.; Tshonuned fe 
Itawamba Counties, Miss.; Spencer, Meade, Letcher, Laurel, Bell, Clay, Estill, Harlan, Leslie, Ousley, — 
and Perry Counties, Ky.; and Russell and Wise Counties, Va, : 
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DAMAGE DONE BY THE MEXICAN BEAN BEETLE 
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stroyed, Birmingham, Ala., 1922; B, bush Lima beans destroyed, 
Birmingham, Ala., September, 19 


ans de 


A, Field of pole Lima be 
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ADULTS, LARV4, AND PUPA OF THE MEXICAN BEAN BEETLE 


A, Adults and fourth-stage larve on a bean leaf; B, pups and pupal skins on a bean pod. 
Considerably enlarged 
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PUP4 OF THE MEXICAN BEAN BEETLE 


A, Pup on a wild morning-glory leaf from bean field, about twice natural size; B, pup 
on a weed from a bean field, about one-half natural size 
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STAGES OF THE MEXICAN BEAN BEETLE 


A, Adult; B, egg mass; C, four larval stages; D, pura; F, adults shortly after transformation 
from pups. All slightly over four times natural size 
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NATURAL SPREAD. 


The Mexican bean beetle is capable of long flights. In the western 
part of the United States it must necessarily fly long distances to 
suitable hibernation quarters. In its newer habitat in the Southeast 
it migrates throughout the season, but especially in spring and fall. 
Experiments with marked beetles show that a flight of 5 miles is 
possible within two days and flights up to 34 miles are common. 
Records of the spread in the Southeast indicate that much greater 
distances than these are traversed with ease. 

Many other natural factors, of course, may contribute to the re- 
markable spread of the beetle, among them being air currents and 
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Fic. 5—Map showing known distribution and spread of the Mexican bean beetle in the Southeast to 
December, 1922. The map was prepared from records obtained through the cooperation of State ento- 
mologists and others in the States concerned and chiefly from scouting done by the Bureau of Ento- 
mology under the direction of J. E. Graf and the senior author. 


flood waters. It is believed, however, that the spread northward is 
attributable to the fact that the Mexican bean beetle is a northern 
_ Transition or sub-Boreal form, or at least is searching for conditions 
similar to those found in the higher altitudes of the Southwest and 
the Mexican plateau. No appreciable spread to the south in Ala- 
_bama or south from Thomasville, Ga., nor any spread west into 
Mississippi, occurred during 1922. The damage to the bean crop in 
many instances has been extremely severe the second year after the 
insect has reached a new district of approximately the same latitude 
as Birmingham, Ala., or farther north. No reports of persistent, 
severe injury have come from southern points. Great damage oc- 
curred at Chattanooga, Tenn., and Atlanta, Ga., in 1922, one year 
after the beetle was known to have reached these places. 
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LIFE HISTORY AND HABITS. 


The adult (Pl. IV, A) begins to feed immediately on arrival in the 
bean field from winter quarters. Females may begin to lay eggs 8 
days after emergence from hibernation and possibly sooner, but the 
majority feed for a longer period, the average time being 14 days for 
6 females in 1922. The adult feeds on the under surface, usually 
puncturing the leaf and leaving ragged holes, some very small, 
others one-fourth inch across. Only a very small percentage of 
feeding takes place on the upper surface. 

Mating occurs in most cases in the fall, but also in the spring. 
The abdomen of the gravid female gradually becomes dadention and 
is noticeably enlarged 24 hours before oviposition. Females are 
then easily distinguished from males. An individual female has 
deposited as many as 1,669 eggs during a season. [Eggs are usually 
laid in groups of from 40 to 60, averaging 51 for females observed by 
the writers in 1921 and 1922. Eggs (Pl. IV, B) are almost invariably 
placed on the under surface of the leaves in rather compact groups. 
In midseason a female will deposit a group of eggs quite regularly 
every two or three days until death. 

The egg-laying records of a few representative females chosen from 
69 complete experiments in 1921 and 1922 are given in Table 1. 
Included also is the time between emergence and the first egg laying. 
The beetles of the fourth generation did not lay eggs. The records 
of mating are the observations made while attending to the experi- 
ments and are not complete. Hach experiment included a male and 
female, except in the cases noted. 


TABLE 1.—Egg deposition records of a few representative females of the Mexican 
bean beetle in cages, Birmingham, Ala., 1921 and 1922. 


1921. 
OVERWINTERED FEMALES. 
No. LH-3: Female collected in field March 26; more than 10 days between emergence and first eggs. 


Eggs. Eggs. Eggs. 
ADT os eee eee area GSU Soave o, see eee eee 60.) May. 28. 5c. Pou es 
eee’ Set eke ee 72 Ways he Ge ee 55 Oe et cas pee ae 53 
1 Oe Reema abc es 74 Wis 52535 Socbacsddseose 60 || Jume 3.2 2.055. eee 52 
Die ees eee 48 PA ere aire eines See 53 Cc eeeb one aases eee 31 
ee ee PE es 68 18 ae ea eS A 2 hy 64 
| oe es a 72 2 RR SS 8 ee (oe. 54 Dotel sf ate see 1,005 
May (Open sees eee eee 63 


No. LH4-2: Female 1 dormant from hibernation cage March 24; 42 days between removal and first eggs. 


Eggs. Eggs. Eggs. 
Mae 5s a eee eee OS (aL ys 7: Be ee Seem 57 Jam: Oo. one moene nee 54 
TSe2. 0 ee ee eee 56 OPES Sate Senn eee ees 58 Oe C vanne tecke eee 57 
182 dk cel Seep eee eee 57 2! OE ET SO ae 3 ia ep 58 
iN aint cee eee DG; OHS ates etcetera ce Reeee 58 LUGHL. .catsueeereens 572 


FIRST GENERATION FEMALES. 


No. LH-4G: Female emerged May 20; 11 days between emergence and first eggs. 


Eggs. Eggs. Eggs. 
Magee Lory sabe 2 oe bee cone ial DUNDL sso acne ek Ge aaa ee 64 i) July. 6.4... S2ch pecan kes 55 
Ufbie(: oe: See eee oe 41 7) EE Pe ts, tape 57 Oia dawns poke 51 
fA oe meg hag fo 53 72 ie esa 8 Gree 2 FS 53 AL titi ccceutas Coes 54 
OE ee a ee aed aoe 52 DR 8a ees a eee 56 1B awins cue teed ate eee 
LG rg SRB a ble at it depen’ 59 £31 fab ope pig) cy g Sci 53 — 
Use See pes Gee ge Ba) Jal hes Sk eee eee 54 LOtALS Si ceccdemceeene 1,013 
yy pe sere ee ere = BBS had oe cee ene oe eee eee 
LOS op kac eee ee 55 Te ae rae see oe 55 


1 This female had no opportunity to matein 1921. All groups defosited were normally fertile. 
2 Mating observed this date. Females paired when emerged except in case of LH-9 and LH4-2, 1921, — 
which were isolated. 
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TaBLE 1.—Egqg deposition records of a few representative females of the Mexican 
bean beetle in cages, Birmingham, Ala., 1921 and 1922—Continued. 


1921—Continued. 
FIRST GENERATION FEMALES—Continued. 
No. LH-2G: Female emerged May 19; 16 days between emergence and first eggs. 


Eggs. 5 Eggs. Eggs. 
TREE, <: Se AE Re ecole 5Gy |; JuUneWd 7s oe. sso eee DAT NEIUIN C12 Tetras cc's ctcistc eo Sen ce 58 
Bae Saunt iciersa is ate 55 i Res eee De CO Cp SE COR EEEEES 54 
Oy eam nisin ne mee ee 53 pS en oe Brie s Die em OUnme meee meee ic< ci ook 56 
UU eis acess ciate 56 DD oreo Sa sncid Bass EIS 58a Cialiys eee ee oe cise cic ae 58 
USE see sicie owas mec 56 Dae eae ene eee 53 
PD cic ah elortels Sloe See Ses 56 Dn Sa lioe ts eesigeeiee te as 47 Lotaless: sss 022~45 879 


SECOND GENERATION FEMALES. 
No. LH-1G2: Female emerged July 5; 6 days between emergence and first eggs. 


Eggs. Eggs. Eggs. 
Mebhyylil 2a cre etalon ls eee os AQMP Stl Wp 2 202 20s 57s coseinarsiaoe cee es PANU Died ome aaa ses Same 59 
WS Ae Ses ceeesiccewaeaee 56 D3 ire eae cess Fake 59 Deeennta Skmensitssecits 59 
DS Say yas aes iene a ase 60 2p eames See ges 59 Giese o at cee eakt ee mene 58 
AS aap eS Nahe Wier Sa a dy DT ee SO eel oes AINE 57 Bie oe Sa bye ee 62 
User meee wants orciiate 60 28 Sse eee e eae ee Nae 60 (ORS Sas eet Sees eae 57 
ieee kara aets wee 65 BOL ee ree ese eee 57 
yy Tiss Ue ae ee fe Sepa a8 PUT ON Ue eee aarti ee 6 60 Totals keeosnen woe 1, 032 
Dee a ete i ies rac op ee 


Eggs. Eggs. Eggs 

phliygeol 25a 2 oe. sore cin ctr so || ZA Nl oasocnasoasusaoose 487 PATI SS OOM Namen meee eee eS 
OD) Oia ne, Nas ce ie eeote See 2 ae eo igete ects ee = On |e eo) emoomsapencceccodcs 46 
Dia RU es se as oe 60 sage ocucesousooueses AG TIE Sepbsy Lscaeewstacmicceeee ae 44 
Di eee ei rss, ethan tte 31 UAE Ue ea aeine we arays Nig pl ige ly Ds te eee, Re eee ee 91 
Ce fe aan SR a de 61 1GSe eerie Cees 48 Oe eRe cred epee ed 47 
ZONA eee ane e ree 47 1 et et Ree ee 56 Bees eee eee ae 28 
RO Mate ae cmasecetee SL | US s cH eee eee tines 47 ORs PSA Pe spas Smee Pee 66 
PNAT Ore 21 a ren tie ere seeiee sos 28 We noccteoossecoossess 46 ls ESR A onee aoe ae on 43 
Didecs Ea at ae e e Ca 68 Dee ORO tN Daa, oats ome 48 AR soon oe Yar ae 55 
tye ae gee eat wee ee 47 Doe gente See eat 46 Nee eee arte 47 
Gee ss eh SSS 48 DAE SUS TATA E hota sisievsl <iaiere 44 7A) eae eRe wan ann Ge har 46 

Said Carag ae ete ed 49 DG ae Ate een ea ce 49 
Qe cle ey aes 48 ONE Se as a nga ae 47 Totalies 2ec ee ee 1, 669 
THIRD GENERATION FEMALES. 
No. LH-2G3: Female emerged August 8; 6 days between emergence and first eggs. 

Eggs. Eggs. Eggs. 
JRL Ae eo meepecboraooc OSs | Ati eM ays et pacer a seine Glo PATTEM Te aya elrek aete es aaree arti 
WD p29 Betooet ee Satactee ers ze OSes SAR Ore OBEea eC OS SEW SI2) ODN 01 LOA eae eRA em AEeemaee 58 
IO essncossoocenoogcne *Saoscordanoonopecobas.) GPs” 79 Ba Ganedepacecuncoaads 61 
1 isca aa Bale Re hd a ed 60 2G ee rere soe ei ssa eis : Deep occ cte soccer 60 
WQE2 Bee oe aoe 61 OH faa te eye Cee Ar 57 Sie nee Cerna 59 
| eter oh = Sareea 7) ESSE SOROS Cee 61 —_—_. 
Oe carn Ske Set EN 51 Oey eee Raina Sete Totals esas see 775 


Eggs. Eggs. Eggs. 
Bealls ee oe se eeeiaene =e (id PASTS) 0) 877 a 66s OCs Le ee wesc saseen oe ar 
IB\Seeuascescecpupsapas 62 Doers sae aes ie ciel 65 7A EE RS ae Ace cre 56 
Fs SRSA Aas ree 64 DP, NSS SRA e ROE ECOROe 41 20 reer ace setae Serene 73 
il 2h Secehacce soanaase 68 Zoe anaes Sosae cise ase 67 ——_— 
Gee Pee etic ke ae 60 BOMsre Rta Nei ae 63 Totaleit: saeco eeeree 955 
Uh Se on ee Seer ne GEE Oct smaesea as ected aa. 63 
1922. 


OVERWINTERED FEMALES. 


No. LH-8 3: Female emerged from hibernation cage April 4; 10 days between emergence and first eggs. 


Eggs. Eggs. Eggs. 
ASUS IEG BS ap cease aees Boh | PAD Reed nan so ercloesasee ce PH) || WEI Goo enoccsosestoctccs + 30 
et Sen ee eh hae ON eee eee eae WN De Aacistate aiciete tetera stays 29 
Teer Te segs Sh 5 29 Dilbers tops = aes diac 2 2, 36 
DA ee nach tote ZONIPMa MOM aoe sagt ci cts clei 27 ANQOUR SSS Se Rtn tease 241 


2 Mating observed this date. Females paired when emerged except in case of LH-9 and LH4-2, 1921, 
which were isolated. 
3 Pair from third generation, 1921. 
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TaBLE 1.—Egg deposition records of a few representative females of the Mexican 
bean beetle in cages, Birmingham, Ala., 1921 and 1922—Continued. 


1922—Continued. 
OVERWINTERED FEMALES—Continued. 
No. LH-16: Female emerged from hibernation cage April 5; 20 days between emergence and first eggs. 


Eggs. Eggs. Eggs. 
2) 0 ee a 5 TS |) May 3h ooo. wee seo yee 71 | Sone l7... 22 eee a 
1 \ pont ES oe See ee ee 00) SUMIE Saosin ene sao ee 50 2B A J eou eee 19 
Reber conceals 50 (Sar eee ee i ER Peer tere A845 5 58 
Qin Pe ete e 75 eee eae ae ees eo 59 ae 
(RE ee ae eee aa 67 Leek tee eecte 57 Total. ..u eee 821 
DLO LET 72 


FIRST GENERATION FEMALES. 
No. LH-3G: Female emerged June 4; 11 days between emergence and first eggs. 


Eggs. Eggs. 
qrmec ks: les. tee eee 29) |S why 2 ans soe eae oS Dual yi 23 2o ese 
DO Vee en ve ee 55 Sis So rk cere oe 54 7 ee eee See en 
Netlivagtose ee ee sie if UG SP eee Shee See eee =< 28. Se seis SR 
GiB A yg ite hee SE uke 1 See ee oe eres 32) |) Atos lee 

Bt een BE i 54 7) EBC he ene eee 51 
tee See eee Matas 58 DERG Phe oA ee ue otal -~2)5--ce ee 


No. LH-5G: Female emerged June 5; 14 days between emergence and first eggs. 


Eggs. Eggs. 
NIN OR OSS Kee eee. kee 55 | J Ully, Ws See ee 63: | Vuly i18- ee eee 
DUP SGA ae Segoe eee 57 As ate ee ee 59 
See eee ESE RSE o7 Totals. =e eee 


SECOND GENERATION FEMALES. 
No. LH-3G2: Female emerged July 19; 10 days between emergence and first eggs. 


gs. ; 
Pil Obes nice ta eae AS) | tAqie. 314. ces eee Se ee ees 57 BUSS 20 Gon Soe coe eee 
Rte ol Selo oe eee See 54 Dy (Eee ae ei ey ee ee 54 Sept lone Nocera 
Behe as a ete ee ee 53 1 he Re AAR ob ted ae 2 59 2 RPG AES D2 So 
nee Rea ee 54 7} ee ee ear SS 57 62k. co sero eee 
Qe ao 7k a te ee 52 De ae See ea eee ee 23 
DS a hee eee ea 50 24 SOB ESSERE or es 55 Totals. ae eee 


Eggs. Eggs. 
Lab ae i LES See Ser 41. | SAIS SIL tS sea aoe eee 58°) Sept. 64. cc as cacaee seen 
Dee Fee aoa eee 60 2) ee ee aS eee 61 epee eens o2 
Ber Mahe ae tate ae 60 AN Rae TSR SS EI 62 9: a ee 
/ (ugaeea Nea oe See te ae 64 yee hee eels 8, © 63 17a Se 
Qe See ene eee oe 65 DAS oS ga ed a 64 183 SL eee 
LR aac mere Sra 40 y.! BeRpy es ater ae eee 60 DY recat ee eee ee 
1 gh Sag Ree eres Aa ey 62" || Sept. aia. sSs.26 sees ewes dl V1 MATE EEE SS Oe 
eee esters seme te ER eta ee ne ay 2 ai ae 62 
i Ly 6 eee a eae Deca oe, ee ae eee 61 Tobalest ees ee eewes 


THIRD GENERATION FEMALES. 


No. LH-2G3: Female emerged August 26; 14 days between emergence and first eggs. 


Eggs. Eggs. 
RPT face ete oe eee ae Bepte20- Reece 64 | Oth. 95 Wn oes 
Ob Sa caus tee Oe, ee 62 D8 on ee ee cee 63 pCa niet Been Se on 
111 aplasia Sh aver ate 60 DIS phrendae tien sae 56 .), NOV. Gis. cee one eee 
DGS cewekieet seems 64 5 | | fees, See gegen re Se 68 
Dee hc hes terete eee pa OC. coor oot ok eee 58 Potaliocusscs Saoawace 


No. LH-3G3: Female emerged August 31; 15 days between emergence and first eggs. 


Eggs. Eggs. 

i AR ei 8 es Ao | Obs eOccue us oe co euee ee aie 63'| Noy. 13..0.,--ssaeeneeer eee 
DOr oS to oe Sag Cece 30 epee chee mie gay Age, Unie eS 63 

2), ig Set ies Rae pa 61 7) lace Eee SRG NS 60 Totals. .~ sen enme eee 
0] RS, oe ere 65>) INO Vee kn ete. Cee ee oe 53 


2 Mating observed this date. Females paired when emerged except in case of LH-9 and LH4-2, 1921, © 
which were isolated. 


The average number of eggs laid by all the females for which 
records are complete for the two seasons is shown in Table 2. 


PLATE V 
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LARVAL FEEDING OF THE MEXICAN BEAN BEETLE 


A, Bush bean plant destroyed by larve; B, bean leaf showing 
characteristic feeding 


Bul. 1243, U. S. Dept. of Agriculture PLATE VI 


DESTRUCTION OF BEANS CAUSED BY THE MEXICAN BEAN BEETLE 


A, Beans destroyed by Mexican bean beetle (note contrast with younger beans not destroyed, 
to the left); , same field as shown in A after rain and wind had beaten leaves from plants 
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TaBLE 2.—Eggs laid by 69 females of the Mexican bean beetle for which records 
are complete, 1921 and 1922. 


1921 1922 

Generation. Average Average 

Number number N er er! number 
ofeggs per ofeggs per 

females. forinlee females. fornale: 
Ovenwintered penerabionss-se-as asses ae see ieee ee = | 10 507 15 252 
IMPS GOMGTE MONS sina oe moons on essseoneeecedecsa eeacsoa=c0cers | 4 708 11 286 
SCOMG! SOME NO Ms non aessencsansso sor soe nonseaasbcassoasacces= | 5 1, 272 8 479 
{Noni TGA ION. = Gaooubasoss6dbabncdb ede coudoeseenossadodunEDs) 12 413 4 422 
JSCRIEGS TOE GD iMEMES (Cinw7O REASONS) baa aos seco s SoU eR oS uaEEans aes coo ee ona cons asdadesenoseadsecerer 459 


Some females laid no eggs and others only one or two groups, but 
these are included in the above averages. The average for all females 
as given is probably low, for in nature some of the overwintered 
females may have deposited eggs the preceding fall, and some of the 
third and fourth generation females, and a very small number of the 
second generation, might have deposited eggs the ensuing spring. 

Of 15,804 eggs laid in cage tests in 1921, 46.7 per cent hatched. 
Of 7,024 eges deposited in 1922, 52.5 per cent hatched. The lower 

ercentage in 1921 was due in part to the very low percentage of eggs 
ishing which were laid during the high temperature of August. 

The Mexican bean beetle is polygamous. A single fertilization of 
the female is sufficient for the production of as many as 10 groups of 
fertile eggs, even though five months or more passed in hibernation 
intervene between mating and the first egg deposition in the 
spring. (See Table 1.) Gravid females may thus enter hibernation 
and without further intervention of the male deposit fertile eggs in 
the spring. The beetles always feed on foliage in the spring before 
oviposition. 

The young larve hatch from the eggs after from 5 to 14 days, 
depending upon temperature conditions, the average incubation 
period at Birmingham, Ala., durmg June, July, and August being 
6 days. Hatching of all eggs in a group usually occurs within 24 
hours. The newly hatched larve leave the eggshells and cling te the 
tips of the eggs, completely covering the shells. They begin to feed 
soon after leaving the eggs, many of them reaching the leaf and feeding 
while clinging to the eggshells about the edge of the group. <A very 
thin layer of epidermis is eaten. After a day or so the larve begin 
to scatter and feed more heavily, devouring thicker portions of the 
leaf. By the time of the first molt they have scattered over several 
leaves. As they grow older they feed heavily and more rapidly 
and scatter over the plant or adjacent plants. In the third and fourth 
larval instars the most serious damage is done to the crop. 

The larve (Pl. IV, C) remain on the plant on which they have 
hatched, or on adjacent plants. While capable of crawling a con- 
siderable distance under adverse conditions, as much as 24 feet in 20 
minutes, migrations do not usually occur except prior to pupation 
when sufficient protection is not at hand. 

The larva’s method of feeding is characteristic of the species. 
(Pl. V, A, B.) It consumes a narrow band of the leaf and usually 
leaves the upper epidermis intact. It then moves and consumes 
another strip, and so on until several such parallel strips have been 
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devoured. The result is a network of narrow bands of leaf tissue 
covered by the thin upper epidermis. The feeding habits of the beetle 
are quite similar to those of the larva in many cases, but usually the 
leaves are more ragged in appearance. 

The 12-spotted cucumber beetle (Diabrotica 12-punctata Oliv.) 
ee very similarly in many cases, as do also certain small cater- 

ars. 
In territory where the bean beetle is not numerous, specimens of 
suspected insects should be taken for identification before the 
presence of the bean beetle is reported. 

After the larva has molted three times the fourth larval instar or 
stage appears. Feeding by the larva in this stage is very destruc- 
tive, a single larva being able to destroy a large bean leaf in one day. 
After feeding for from 4 to 6 days in moderately warm weather the 
larva attaches itself by means of an abdominal pad at the posterior 
end and remains quiescent for about 2 days. £ fourth larval molt 
then occurs and the pupa stage is assumed. The larval skin, which 
is white in color, remains attached to the yellow-colored pupa (PI. 
II, B; Pl. IIL; Pl. IV, D), covering the posterior abdominal segments 
and holding the pupa to the leaf or other object. Late in the fall the 
pupal skin is often black in streaks and sometimes completely black. 
Under conditions of severe infestation, pup occur on various plants 
and objects near destroyed plants. Egg masses are also deposited 
on such plants as mustard, cocklebur, and certain weeds, on which 
the hatching larvee would starve. 

The adult or beetle emerges from the pupa in from 6 to 8 days. 
Immediately on emergence it is ight lemon-colored and very soft. 
In a few hours the spots on the wing covers appear. The wings are 
protruded backward from under the elytra or wing covers, extending 
a distance almost the length of the body. At the end of 24 hours the 
adult becomes fully developed and quite hard, but the color is light 
lemon, with black spots, and dark mouth parts, undersurfaces, and 
appendages. With age the color becomes darker, approaching 
copper color to brown in overwintered specimens. 

ewly emerged adults (Pl. IV, £) usually remain on the bean 
plant and feed before taking flight. Food is not essential, however, 
and in cases where fields are destroyed newly emerged beetles fly 
away in search of food. | 

The fecundity of the insect under favorable circumstances is re- 
markable. During the summer of 1921 many fields of beans about 
Birmingham, Ala., were so heavily infested that the general appear- 
ance of the crop resembled the effect of a severe drought. Scattered 
over the remains of the plants, the ground, weeds, and any object 
were thousands of pupz and larve, so numerous as to give a yellow 
tone to the field. eee and beetles feed on pods and stems under 
such conditions. 

The total life period from egg to adult covers from 25 days during 
the heat of summer to 58 days in early spring, the usual minimum 
being 27 days during summer, and the usual maximum during the 
spring and fall being about 44 days. From 6 to 29 days additional 
are required between emergence of the female from the Pups and 
egg deposition. The average preoviposition period for 32 females in 
two different seasons was 11.5 days. Table 3 gives a brief summary 
of the life history at Birmingham, Ala., for the years 1921 and 1922. 
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TaBLE 3.—Summary of life history of the Mexican bean beetle at Birmingham, 
Ala., 1921 and 1922. 


[Average days of development.] 
1921: 2,019 EGG-TO-ADULT RECORDS. 


Incuba- | wirst | Second | Third | Fourth | PUPa | Develop- 


Generation. tion F F F F tion menta 

period. instar. instar. instar. instar. period. | period. 

Days. Days. Days. Days. Days. Days. Days. 
Hirst CeMeratlones ee esses 10 5 6 4 |, 8 6 39 
Second generation...----..----- 6 4 3 3 6 6 28 
Mhindsseneration saa+-sss-04--- 6 4 3 3 6 6 28 
Fourth generation.........----- 6 3 3 4 8 U 31 

1922: 1,407 EGG-TO-ADULT RECORDS. 

MinstseneratlOM.caese see ee ee ae 8 5 4 5 8 6 36 
Second generation.....-..----.- 6 4 4 4 8 7 33 
Third generation..---.......--- 6 4 4 4 8 7 33 
Fourth generation.........-.--- 7 5 5 7 10 12 46 
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Fic. 6.—Life history of the Mexican bean beetle in an open-air insectary and field cages at Birmingham, 
Ala., during 1921. Based on 2,393 egg-to-adult rearings. 
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SEASONAL LIFE HISTORY. 


The discussions in this bulletin are based on observations covering 
only a two-year period in a restricted locality, which is too short a 
time to draw conclusions on many phases, especially since this study 
deals with an insect in a new habitat with a constantly increasing 
distribution. 

A large series of life-history experiments were performed during 
the two seasons, 1921 and 1922, and these have been condensed into 
charts. (Figs. 6, 7.) Figure 6 gives the results of 2,393 egg-to-adult 
rearings, obtained during the year 1921, chiefly by J. R. Douglass. 
Figure 7 gives the results of 1,590 egg-to-adult rearings, obtained 
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during 1922 by L. W. Brannon. During 1922 many egg masses ob- 
tained were not reared. All the original beetles were taken from 
hibernation. Cages were placed in the field as well as in the insec- 
tary, and identical results were obtained. 

These charts show overlapping of generations, due to the pro- 
longed life of the adults, especially the overwintering generation. 
They also show that while the insect can and does produce a& maxi- 
mum of four generations, a minimum of two is required to maintain 
the species except in rare instances. Two generations and a partial 
third are the rule. 

All stages of the insect occur in the field from late April or early 
May until late October or early November about Birmingham, Ala. 
At Thomasville, Ga., all stages have been observed in the field from 
April until late ‘November or even December. A maximum of four 
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Fic. 7.—Life history of the Mexican bean beetle in an open-air insectary and field cages at Birmingham, 
Ala., during 1922. Based on 1,590 egg-to-adult rearings. 


generations occurred there, although the duration of bean plantings 
would permit a maximum of six generations. Two generations and 
a partial third are the rule, as in northern Alabama. 

In the field the severest damage is done by the first and second 
generations. 

Figure 8 represents the seasonal life history. This chart was 
prepared from the life-history studies and records of infestation made 
in field control experiments during 1921 and 1922. The width of the 
bands indicates the relative abundance of the beetles and larvee, 

calculated from injury to beans. The early records of 1921 are 
probably unusual, and the heavy late infestations of that year were 
not repeated in 1922. The heaviest infestation occurs in July and 
early August, when the greatest number of larve are present. In 
1921 the period of heavy ‘infestation extended over a period of about 
three months from late June to the middle of September, but in 1922 
this period was of shorter duration—from late June to early August. 
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In the Southeast the beetles begin to leave their winter quarters In 
the spring as early as late March and early April, or at about the time 
when early garden beans are coming up. At Birmingham, Ala., this 
date was March 22 in 1921, and April 6 in 1922. At Chattanooga, 
Tenn., it was early in May i in 1922. At Thomasville, Ga., the first 
beetles emerged in the field March 27, 1922. One individual of a 
colony of beetles, marked black, November 18, 1921 (Group 2, Table 
6), was collected in a bean field April D292 2: three-fourths of a mile 
from the place where it had spent the winter. The beetle is thus able 
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Fie. 8.—Seasonal life history of the Mexican bean beetle: Composite chart prepared from insectary records 
and field observations during 1921 and 1922 near Birmingham, Ala. (eggs and pup not shown). Width 
of bands shows relative abundance of beetles and larve in the field. The insect is most abundant in 
July. 


to make extensive flights at this time of the year. In New Mexico, 
J. EK. Graf found beetles hibernating 74 miles from the nearest- bean 
field, and still farther from the most likely source. 

The spring migration lasts until early June, covering a period of 
about two months. The beetle flies consider ably all during the 
summer from field to field and travels great distances. 

During August, 1921, and late July, 1922, the beetles became 
restless and were often on the wing. ‘During this period beetles a 
week or more old fed less than earlier in the season. It is believed 
that the greatest distribution occurs during the late summer and early 
fall, but the spring migration is also undoubtedly of great importance. 


¢ 
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At least as early as the first week in October the beetles begin to 
fly to woodlands and enter hibernation. The majority have left the 
fields by the time the daily mean temperatures reach 55° to 60° F., 
but a few remain until heavy frosts occur. 

Fewer eggs are laid after the middle of August. Larve are cor- 
respondingly scarce, but all stages are present until killing frosts 
occur. 

Life for long pone without food, as shown by starvation tests, 
indicates that the species is remarkably prepared for adverse con- 
ditions when host plants may be unavailable. One adu!t lived 102 
days without food in the presence of moisture. In general they 


Fic. 9.—A typical infested bean plant photographed in the field shown in Plate VI, B. 


succumb to starvation after 5 to 15 days, but a few live considerably 
longer. After starving for 68 days, 19 beetles out of 50 survived and 
entered hibernation November 22, 1922. An adult with food lived 


121 days. The average life of 34 pairs used in experiments was 58_ 


days, the females averaging 50 days and the males 68. 
FOOD PLANTS. 


The Mexican bean beetle is primarily a bean pest (Pl. VI, A, B; 
text fig. 9), attacking by preference the common beans, including 
bush and pole varieties of snap beans, pinto, navy, and Lima beans, 
and tepary beans, all of the genus Phaseolus. It can subsist, however, 
on a number of other plants, and in many instances has severely 
damaged cowpeas and soy beans. About Birmingham, Ala., in 1921, 
and about Chattanooga, Tenn., in 1922, some fields of cowpeas were 


| 
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destroyed, and serious injury in some instances was done to soy beans. 
The following list of food plants comprises those observed to date, in 
the order of their preference, on which both larve and beetles can 
subsist, as Aectad: in the field. 


FOOD PLANTS OF THE MEXICAN BEAN BEETLE. 


Tepary bean (Phaseolus acutifolius). 

Garden bean (Phaseolus vulgaris); including navy bean, pinto 
bean, kidney bean, pole bean, ete. 

Lima bean (Phaseolus lunatus). 

Beggarweed (Mezibomia tortuosa, M. canescens, M. viridiflora). 

Hyacinth bean (Dolichos lablab). 

Cowpea and black-eyed pea (Vigna sinensis). 

Soy bean (Glycine hispida). 

Adsuki bean (Phaseolus angularis). 

Alfalfa (Medicago sativa). 

Sweet clover (Melilotus alba). 


Fic. 10.—Voluntary larval feeding on beggarweed (Meibomia sp.). 


There is a very great difference in choice between some of these 
food plants. In some cases of light infestations, cowpeas and soy 
beans may be uninjured. Also, early in the season, beetles and larvee 
may starve in confinement on these plants, while later in the year 
they will reproduce on them and may cause serious injury in the 
field in cases of heavy infestations. 

In the late summer and fall, when bush bean foliage is scarce but 
when pole Lima beans are large and green, the beetles are attracted 
to the latter. This crop is examined closely in fall scouting work in 
new territory. The list given is based on field observations. 

In the insectary the insect has been reared from egg to adult on 
many varieties of bean—on Meibomia canescens (fig. 10), cowpea 
(Pl. VII, A, B), hyacinth bean, soy bean (Pl. VIII, By, and adsuki 
bean—and to the pupa stage on alfalfa, when ants destroyed the 
pupe. The likelihood of the insect severely damaging plantings of 
the adsuki bean, sweet clover, or alfalfa (Pl IX, A) is very remote. 
Beetles and larve in confinement often starve in the presence of the 
last two plants. When extremely numerous the beetles have been 


16 BULLETIN 1248, U. S. DEPARTMENT OF AGRICULTURE. 


observed to feed voluntarily on many plants, especially when their 
favorite food has been destroyed or has become scarce. Among 
these plants are the following: Velvet bean, kudzu, crimson clover, 
white clover (Pl. IX, B), corn, grasses, okra (Pl. VIII, A), eggplant, 
potato, squash, mung bean (Phaseolus aureus), and weeds. None 
of these plants has ever been severely damaged. Adults have also 
been taken feeding on Galactia volubilis and Lespedeza virginica. In 
the fall volunteer feeding on kudzu is not uncommon, while trials 
earlier in the year to breed the insect on this host have been fruitless. 
Feeding on mung bean (Phaseolus aureus) is very rare, and only 
one instance of feeding on wild morning-glory (Jpomoea sp.) has been 
observed, under unusual conditions. The insect does not normally 
feed on sweet potato or peanut. Information relative to the prefer- 
ence of the beetle for snap beans, both pole and bush, compared with 
Lima beans, cowpeas, and soy beans, may be gained from the reports 
on field scouting, most of which was done in sections where infestation 
was light. These reports show a decided preference of the beetle for 
the garden bean over the Lima bean, that the cowpea is far removed 
from either of these, and that the latter is preferred to soy bean. In 
south Georgia beggarweed (Meibomia tortuosa) is preferred to cow- 
pea, this plant being infested with all stages of the insect when cowpea 
is scarcely infested. 

The problem of food plants of the Mexican bean beetle is not the 
same in the Southeast as in the West and Southwest. Not only does 
the problem concern the grower of susceptible crops, but it has an 
important bearing on the policy to be follomed regarding quarantine 
and extermination policies. The fact that a number of new food 
plants came under observation immediately after investigation of the 
problem is evidently explamed by the fact that the insect acts differ- 
ently under new climatic conditions. Obviously, also, some appar- 
ently new habits may be of old standing. 

Soon after the avidity of the beetle for beggarweed or beggartick 
(Meibomia tortuosa) in southern Georgia was reported by Luther 
Brown, the same facts were independently discovered in Mexico by 
Prof. H. F. Wickham, while employed by the Bureau of Entomology. 
Similar observations were made in northern Alabama by J. R. 
Douglass and the writers and subsequently in Mexico in 1922 by 
E.G.Smyth. Itis therefore probable that Meibomia has been a host 
plant for many years. In 1920, when the bean beetle was first 
reported in northern Alabama, cowpea and soy bean were observed 
as food plants. Adults were first observed feeding on soy bean, in 
Colorado, by A. E. Mallory, Bureau of Entomology, in 1919. The 
greater variety and accessibility of leguminous food plants in the 
southeastern part of the United States, together with the abnormal 
abundance of the insect, has probably been the chief cause of changes 
of habit and new observations of old habits. In trucking sections 
in the Southeast cowpeas are often raised as a truck crop for human 
consumption in the green stage. In many such instances severe 
damage has been done to this crop. In a number of cases marked 
injury to fields of cowpea of considerable size has occurred, but 
always in a section where the infestation on garden beans has been 
extremely heavy. 

A decided preference is shown by the Mexican bean beetle for 
‘“pinto’’ and tepary beans. In 1921 pinto, or Rosello spotted, beans 
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WORK OF THE MEXICAN BEAN BEETLE ON COWPEA 


A, Voluntary larval and adult feeding on cowpea; B, beetles feeding on cowpea leaf 


Bul. 1243, U. S. Dept. of Agriculture PLATE VIII 


WORK OF THE MEXICAN BEAN BEETLE ON OKRA AND SOYBEAN 


A, Okra leaf, taken in field, showing beetles and larve feeding; B, soybeans injured by feeding 
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from Colorado were planted with a legume collection on the experi- 
mental plats. Careful counts showed that more than twice as many 
adults were present on the pinto beans, and they were destroyed 
sooner than a collection of six of the most popular varieties of garden 
bush beans. In 1922 tepary beans were decidedly preferred to 11 
varieties of the commonest pole and bush beans, although the leaves 
were small and the insect was exposed to the sun. These facts 
support the statement that the bean beetle was introduced from the 
western part of the United States, for these varieties are grown 
extensively there. 
HIBERNATION. 


Knowledge of the hibernation habits of the Mexican bean beetle 
previous to the winter of 1921-22 was based on the collection of 
very few specimens during the fall and winter. The greater portion 
of the life cycle of many important injurious insects, especially in 
the Temperate Zones, is passed in a dormant state during winter, 
but in many instances little is known about this stage. Attack on 
insects during this period has been found successful in notable cases, 
such as the clean-up practices recommended in some localities against 
the chinch bug, Blissus leucopterus Say, and the planting of wheat 
to take advantage of the seasonal life history and hibernation habits 
of the Hessian fly. Other outstanding examples might be mentioned. 

The adult of the bean beetle is the only stage which survives the 
winter. In 1921 emergence from hibernation was first noted March 
_ 22, when four adults were collected on early beans. An egg mass 
was also collected, indicating that emergence had occurred a few 
days before. In field observations emergence and spring migration 
lasted until the middle of May, the greatest number having emerged 
_ by late April and early May. 

__ Restlessness of adults in the field was noted in August, 1921, and 
_ from that time until late October migrations occurred. Beetles were 
_ exceedingly numerous until that time, but had almost disappeared 
_ from the field by November 4, when a heavy frost occurred. <A few 
_ specimens were observed up to November 25, 1921, on parts of bean 
foliage which had not been killed by frost. 

_ Adults of the Mexican bean beetle have been found hibernating 
/ under various conditions. They have been collected in old stumps 
near a garden, in cracks of old fence posts, in débris about an old 
fence, in stone piles near a garden, under leaves and plant remains 
in the garden, under a woodpile, and in well-drained woodlands 
_ near bean fields. 

__ Experience gained in California in investigating the hibernation of 
' beneficial coccinellids led J. E. Graf to believe that the Mexican bean 
beetle, which is a coccinellid, hibernates similarly. Therefore, a 
_ large area surrounding the Birmingham trucking district in the East 
Lake section was carefully searched for the beetle during the winter 
| of 1921-22. The results are given in Table 4.4 

_ This area comprised approximately 12 square miles and the same 
territory was searched again in the winter of 1922-23. These results 
are shown in Table 5. 


4M. P. Foshee, D. M. Dowdell, Jr., and others assisted in this work. 
80333 °—24}——2 
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TaBLE 4.—Hibernation of the Mexican bean beetle, Birmingham, Ala., winter of 
1921-22. 


PATS Number | Number | Number | Number] Total 
Hill No er of square of |ofbeetles| of single | number 
ee feet colonies |foundin | beetles | of beetles 


searches. | covered. | found. | colonies.| found. | found. 

| aes eae het een 10 515 0 0 3 
Dae Ses eee Pee, Pe 20 1, 023 3 649 154 803 
5 oes eee. 25 | 17686 0 0 63 63 
ARIE Fae ee eee 3 344 1 30 32 62 
GSer ns A oleae Se 4 374 0 0 3 3 
Goce ae oe ee 3 196 0 0 1 1 
F (eRe el oe SS = 17 420 0 0 0 0 
er ey ee eee 5 1, 896 0 0 43 43 
Of Maa or han 42 | 7,989 4 233 287 520 
LO Ree ee - Se eS Cf 690 0 0 0 0 
Faas, is SO 7 | 1,075 0 0 1 1 
1 PRES! EL See eC 12 629 0 0 26 26 
VO Ace ee he ve li 2,287 0 0 34 34 
0 1 WR PSA SG ie ee, 1 &82 0 0 0 0 
TU ee aS a ee 5 500 0 0 38 38 
16) 2603 ee ee 19 644 0 0 2 2 
1 he palette cep eB ale fa ee 6 488 0 0 0 0 
Qos: 32 eee 8 991 0 0 0 0 
7d | MERA BOUT a Bg ee 9 1,113 0 0 0 0 
DY v4! ASS SE RAS NS 10 1,750 0 0 267 267 
PACE sie Senn EEN Settee, Rha 6 968 0 0 2 2 
Joy regi SAP ER MEDD 12 78 11 936 0 0 3 3 
D7, US Sat an eee ee 11 1, 152 0 0 0 0 
DAs SE OSI 2 Raises, CR 4 6 376 4 380 2 382 
OG Sehr eee ey 8 339 0 0 0 0 
Ot (Eas AE EES be te 5 480 0- 0 0 0 
Oe Set ee, mee meee nen 7 360 0 0 4 4 
D4! eee ee ee eee eae 5 603 0 0 1 1 
BOL ok ee ENS en 5 35 0 0 0 0 
SIT ee EAS Ce a 13 1, 433 0 0 11 11 
py sae Saye, Serhan Be 13 476 0 0 0 0 
Sore nes TENE eee 13 478 0 0 0 0 
nil ee ao oye 13 390 0 0 12 12 
AQE tes a cet 12 364 0 0 0 0 
AICS EAR faye a 9 361 0 0 0 0 
BD etek Rs 15 eeu ys 7 291 0 0 0 0 
AS! Be SARA SERS Aero 7 580 0 0 0 0 
ep fat 4 tm, BE Ly oe ae df 559 0 0 0 0 
45, Watt's farm.. 62 5, 086 0 0 9 9 

Totals ee 471 1,292 998 


TaBLE 5.—Hibernation of the Mexican bean beetle, Birmingham, Ala., winter of 


1922-23. 
Number | Number | Number, Total 
Hill No of of beetles| of single | number 
colonies |foundin| beetles | of beetles 
found. | colonies.}| found. | found. 
| Fe ree ena & 0 0 1 1 
7k i alg at ce We Lidia 0 0 uf 1 
BES os Se sae eae ae 0 0 10 10 
Ane Eee a eee ne 0 0 17 17 
Dee tet eo eee 0 0 0 0 
ne ES Ea EE 0 0 0 0 
Das are ea eer eos 0 0 0 0 
82 52 ar ee ee 0 0 0 0 
OS ce ee ee a 0 0 14 14 
jh ere a OE pete ) 0 0 0 
12-28 eee et 3 167 145 312 
LB. =. oe eee eee 0 0 0 0 
at pe ee he Eee 0 0 3 3 
16i ee Se oe 0 0 0 0 
LONG AE See |e 0 0 2 2 
D1 ite ses ee 0 0 31 31 
DO. ee ee 0 0 0 0 
5 Rey ee ct Sed OR 0 0 0 0 
DB ees. oe ene e 0 0 54 54 
PTB ARE xp phe S REN 0 0 0 0 
PATS i inde lh PS Ba 0 0 0 0 
Aa edn SU Ne 5 BA 0 0 4 4 
7h Nee SRE GE Om FEE 0 0 0 0 
Motel dscenenkews 3 167 282 449 


Approximately 12 square miles were included in hibernation scouting. The greatest distance beetles 
were found from a bean ee is one-half mile. The majority of the beetles found were within one- 
eighth to one-fourth mile from the nearest bean plantings. 
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The largest numbers of hibernating beetles have been found in 


woodlands where the land is rolling. In all cases where living 


beetles were taken, the material sheltering them was moist and was 
protected from driving winds. As this material dried out, during 
warm weather, the beetles moved about and went farther into the 
material where moisture was present, or migrated to more favorable 
quarters. 

In sections where the infestation is extremely heavy there is a 
tendency toward hibernating gregariously. About Birmingham, 


Ala., in the winter of 1921-22, 56 per cent of the 2,290 beetles 


observed were found in colonies. The following winter, 1922-23, 
only 14.8 per cent as many beetles were found per unit of area as 


| during the previous winter. This was probably due to the lighter 


infestation during 1922. | 

The largest colony observed contained 329 beetles on December 
15, 1921, and the majority of beetles occurred in a space 18 inches 
square. The colony shown in Plate X, A, B, contained 149 beetles, 
more than 50 of which were in a space less than 1 foot square, about 
1 inch below the surface. This colony was under pine needles and 
oak leaves which had accumulated under a pine branch on the 


- ground. 


During cold weather in January adults withstood submersion in 
water for two days with no mortality. Fifty per cent of the beetles 
survived after submersion for four days, and one beetle was living 
after six days. Insmall hibernation cages which were not sufficiently 


| moist all beetles succumbed. 


Males and females occur in approximately equal proportions. 

The few beetles which remain in the bean fields during winter 
are undoubtedly a factor in the spring infestation, but the large 
majority of adults migrate from the fields to wooded hills. The 
proper moisture conditions for successful survival of the winter 
appear to be an important factor in determining the location chosen. 
These conditions are only constant under branches and leaves in 
the shade, or in deep piles of material. The preferred material in 
the Southeast is a mixture of pine needles and oak leaves. (Pl. X.) 
The beetles are found distributed through the material at a depth 
of an inch or more, depending on the moisture conditions. Adults 
are occasionally found with colonies of the beneficial ladybird, — 
Megilla maculata DeG. — 

October 3, 1922, three beetles were observed in hibernation in 


_ woodlands when the shade temperature was 82° F. Three days 
_ later 25 beetles were found in the same place. 


During the mild winters of the Southeastern States the adults 


are not entirely inactive. On warm days they move about, and in 


the course of the winter the majority change location. Some of 
the colonies of beetles found in woodlands were watched throughout 
the winter. Each beetle was marked with a waterproof mark. 


_ Brief records of the observations are given in Tables 6 and 7. 
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TABLE 6.—Data on colonies of Mexican bean beetles in hibernation, winter o 
1921-22. 
GROUP 1. 


[149 beetles in original colony, marked red, November 22, 1921.] 


Number of | Number of Dead beetles. 


Date. painted | unpainted 
beetles. beetles. Painted. | Unpainted 
1921 vi 
Rica Bo Fe See Ee EE cote ae oe lee se ee eee 73. ee PM i 
LEAL GM et A Sa ie a gph Sp cM shy PE amet Nee py OW beg EO Ee Sn f 1s (ROMMEL! pin Ly 
ID Yee Wah AO OS Ws Sears ote nee ny wees ReneS Destroyed by intruders.|...........-|..25..,39 
| 
GROUP 2. 


[299 beetles in original colony, marked black, November 18, 1921.] 


1921. 
RTSSOF. Eee fe ee ee TE Va rea ees Seen o See ree 2 Mae peta | Near 
DASE: Be at So Ne RE eM Ee SR Ree Se 200 103% ik 3- 
SNe rah oe. ts RO tee Oo See ea ee er 161 168 6 "7 

1922. 
Te et is: op pk lee oh eee EEE SPE ne ee 156 170 6 nf i 
AE aac (ee eR) NAN Sieeek DOE See pert 2 be awe ah 8 ee 156 166 10 1 
LET Rok Ee eee SRR OY ey, Ee ag gees 20% | 116 141 11 1 
ROTI coseet ea ean noe ae mah a ooeiaee ee te eS ee 93 115 5 9 
OD ADA Seat ee Ne Lat r sc ee case ae ae ac ee Cee 85 110 95 " 
Mar e856 ake Poe eb es oy Sopa heh sa Racers Se eet See 65 85 7 “ti 
8 1 Ou aaa i ied ta Nn te ate MR 54 54 3 | 
Marrs 29S F PES. Lens PUES eae te. oe Ss ok eee 40 38 4 rie 
Lies Ae an a we Tae a2 od ee aR ite 25 18 1 a 
LM OPAL ee se ee ee oa erin ai ei Se miitia cers hs 5 10 8 0 rie | 
RV Oe Be eee eae cee - pei ee ee 0 0 0 

GROUP 3. 


[80 beetles in original colony, marked purple, December 10, 1921.] 


1921. 
1D) FSR OR Ae SB oe ee etn Ses Sot eos eae se 68 Si[..4. 2) re 
1922. 
UENO RIE Sea Oe BEE ee AS ae Soe Gee eet are 59 11 3 
eas USS) Le es OP re Rh CEC asa aoe ae eee 47 9 1 
Ati Slee a eerie bE a acer nate penne here eee 57 9 0 
WED stl Sicecce ee ate wa cet ore eee memiee ee ee eent eee 51 9 0 
ING) Oh 7 Bisco sate SS 5m5 ace Sonocideertospeaenossoachs05: 41 8 1 
IWS 5 Seen otc eonse usr eseadsbinadsot Saga gesSososescs 37 6 1 
Wb INE 6 eee cosas polo sesosHbecconduecrossdeescsboss- 30 6 0 
IAT 2 een sin elt eee eee eran ree nneaisela tt aeean ee 24 4 1 
AG Nap | Rees Ags oink ok Neh een See Me A ee 5h a oy Beetles noted with snow on ground; mo 
' closely grouped. 
Cr by ie aie ee es 6S ee eee RS ene e See ic sce boas Temperature moderating and beetles scattereé 
generally through covering. 
U:S70) eG a om dasa eae ean Smog sos eco ompetSs obdan eae 1 0 
APY. 26.20. 2225 ns cee nee een ee ne ee ee ene nee 5 1 0 
May 102.-7.2 0/0 23 5354. - $25 --2 $e eee = ee = 0 0 0 
GROUP 4. . 
[65 beetles in original colony, marked white on left wing cover, December 10, 1921.] : 
1921. 
Mac (His tis. 2. «es a ee 43 1S}! 2... ee 
1922. 
Nic at oe ee Tae 8 pert Ae AR Be Bie a 40 10 1 
1k Cae iy (eg a AeA RN Red eS, yh ey 9 cs, 3 8 35 16 0 
Janel...) . Lit cabo at aoe See ee ee eee 29 8 0 
Web: 8.2.00... ee oS eee eee eee eee ee 26 ib 0 
MAD 20u5o202; bcs OS OS ee ere tere eee 22 13 0 
MBLs Os einc faeces cc we Se ee KO RO eee ee re eee 20 5 0 ; 
MATS USS woe ccc oak ee ee ee ee eee eae 20 3 1 
MAE Oo ocits won och ss Ret bee eae eee eee eee 13 5 0 Up | 
POTS LO ncn pw vost stale a wim oh ab ae RS ee a ee 9 4 0 : 
D0) Fd PS rid eet ny eo gree 3 | 1 1 
CV) Oi (a aC IER I TE Gyo I ik 0. 1 0 | 


! Majority of beetles found in space 18 inches square, 
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WORK OF MEXICAN BEAN BEETLE ON ALFALFA AND CLOVER 
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HIBERNATION OF THE MEXICAN BEAN BEETLE 
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{4, Woods in which Mexican bean beetle was found hibernating in colonies; B, Mexican bean 
beetles hibernating gregariously in woods under pine straw and oak leaves. £ was taken 
after pine branch shown in foreground in A was removed | 
, 
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‘Tasie 6.—Data on colonies of Mexican bean beetles in hibernation, winter of 
1921—22—Continued. i 


GROUP 5. 


[72 beetles in original colony, marked green on right wing cover, December 13, 1921.] 


| Dead beetles. 
Number of | Number of See ey ta 
Date. painted | unpainted ] 
beetles. beetles. Painted. Unpainted. 
1921 
ie, Tas Dy SCR Sa ye ee 70 On| Pteetese sa Ss So ae 
1922. 
iit, Se Gags a8 6a eee eee Bans 5, JEN SE Tew Se DOSIRON EG! lon ANUG ENS |. aes ba eeallbagmoscaoce - 
GROUP 6. 


[103 beetles in original colony, marked red (eosin) on right wing cover, December 13, 1921.] 


1921 
Som pers Si at oe ete ee ee litas ot Dae ceeee al 96 Oe ee RE Sores (2 CEE 

1922. : 
DIL. 2 Bp OGR Se Netarto Re SEE eRe Seen ae ene ie pe 85 4 3 0 
| Ei Lee aes ie eee hee Peete oe 2.0 See eee 2 ee A a men 69 1 4 0 
StL. PA Sees eee Se es See oe 68 2 + 0 
PE. RS SE Se gO oes hie ER a RS ee gen rr 65 0 0 0 
PED 2AY Sees A Sees eae ee eee 64 0 0 0 
obs [ SSeB SEN GRRE ene ar are pel es Seen ees eee 57 3 0 0 
(itll, LE Ss Sees See RS RES LE ES Se 2 oo eee eee eS eee hae 51 1 0 0 
Ld hc Bae 2 Ee Sada Se ewe SOREL NC es O Cee eee temas 40 3 1 0 
ET BS a SR aca chs oe hy a 18 | 1 | 0 1 
pth ites eR ieee A aes eee) ara iew - 3 1 | 0 1 
“EA LO ghee Bete Se ee i es ea pee 0 0 | 0 0 


~Tasie 7.—Data on colonies of Mexican bean beetles in hibernation, winter of 
1922-23 (through Feb. 9, 1923). 


GROUP 7. 


[25 beetles in original colony, in space 3 feet by 5 feet, Oct. 3, 1922.] 


Number of 
Date. beetles 
present. 
1922. 
DT, Dose d dee e adic tay oe CeCe re eee pee es ee ee ee eee 8 
MF, Bs On Bie se sesas dy 55455 Gea Ble See Oe Iey tease ee ce oe 3 
(TF: ses sob oe cae che ee SEES See Same Pe ic Naar ee OE 4 
DY, Peck ddes Bathnsestes = ae eM SRI SE ese pte a ete at ea cede Bem acre 4 
EEL Se SP aS Se SR Se © SO gare me eae ee eee 4 
GROUP 8. 
{ 61 beetlesin original colony, in space 4 feet square, Dec. 4, i922.] 
1922. 
PE, LHW Ge SSL BLE 5 PT SR Se ee a Se ee SR 16 
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TABLE 7.—Data on colonies of Mexican bean beetles in hibernation, winter of — 
1922-23 (through Feb. 9, 1923)—Continued. 


GROUP 9. 
[81 beetles in original colony, in space 5 feet by 10 feei, marked black, Dec. 20, 1922. 
Number of | Number of 


Date. beetles beetles Remarks. 
painted. | unpainted. 


1922 

GOCE 202 Os BE ye Ns PR te ae cee AS Se 2 ee ee Site ee Be 

BC SO 3 Nee eke eR ON ee eee eee ee 31 15 | Slightly active. 
1923 

A Ea a3 Joe see Mak ee Ree ce Ng Oe ek eS ORE ae UR RR RS Be cs Oe 30 19 | Inactive. 

DRIAL Doak LE eS A ee re ee te See oho Nah ee iat ki See rae 29 19 | Slightly active. 

Jan sak. 325555. 228k t es cet eee A eee ee a ee ee ee 21 12 | Active. 

PHO bys QR a5 Cys ae ene caper ds yatta Racer Se Oe me es | 22 21 | Inactive. 


The mortality in the woods during hibernation is not as great as 
might be expected. Remains of beetles have been found which in- 
dicate the work of carabid beetles or other predacious enemies. The 
high mortality in-Group 2 (Table 6) is unusual. 

ecords of hibernation were also obtained from cages. At Bir- 
mingham, Ala., 17,800 beetles were placed in cage 1, and were given 
their choice of materials which had been found by Dr. W. E. Hinds 
to be satisfactory the previous winter. The materials used were 
wood, sticks, cornstalks, and bean vine débris, a fourth of the cage 
being left bare. The cage was placed under a small tree which 
shaded it about half the day. Beetles numbering 18,050 were placed 
in cage 2, similar to cage 1, and with similar materials, but in a loca- 
tion a mile and a half away, where the cage was not shaded. These 
cages were placed at an altitude of about 600 feet above sea level, in 
latitude 33° 31’ N. 

Observations were made of cage 2 at intervals during the winter. 
As noted in the field observations, many of the beetles moved about 
on warm days throughout the winter. 

Air temperatures were taken in the shade as observations were 
made. No beetles were observed to be out of the hibernating ma- 
terial below a temperature of 50° F., and very few were out at tem- 
peratures below 60° F. At 60° F. and above, up to 70° F., from 30 
to 200 beetles would crawl about the top of the material and on the 
sides of the cage, depending on the amount of sunlight. Above 70° 
F., the beetles became more active, and March 30, 1922, at 75° F., 
724 beetles were out and active. Early spring migration and issu- 
ance from hibernation probably took place under natural conditions 
about that date, although the first adult was not taken on beans 
until April 6. After March 20 the beetles in the cages were active 
at temperatures below 60° F. on some days. April 1, when the tem- 
yerature was 45° F., 124 beetles were out. Almost all the beetles 
fibariotad under the pile of wood and sticks, several inches below 
the surface, where the material was constantly moist. A few beetles 
hibernated in the bean vine débris. 

In the spring, about the time appearance on the earliest garden 
beans was expected, as indicated ie observations of beetles under 
natural conditions, beetles were removed as fast as they crawled on 
the sides of the cage. The emergence in the cages is given in Table 
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8. It will be noted that the survival of beetles was slightly less than 
15 per cent in each cage. 

The total period of emergence was about two months—from April 
5 to June 6. The maximum emergence occurred between April 19 
and May 6 in the two cages, which is more than a week later than 
the previous year. The majority of the beetles observed through- 
out the winter in nature (Table 6) had left hibernation by April 26, 
and all except one had issued by May 10. 


TaBLe 8.—Hibernation at Birmingham, Ala., winter of 1921-22. 


CAGE 1. 
Beetles collected. Beetles removed. 

Date. Number. Date. Number. 
SO lCiia ZU Aer ae AY oy ae ee DOOMIPACD Ie Sena arama tee ae bees eee 100 
(TEDDIES ten SiR, ren aye Se eee ec a IND fis G0) onl OFehthe aed a ae les aa legal oe rie 85 
SOD laoc eee oes eee ee oaee emma GS OOO ASD Ts 22 oe cae ee eer ee ee 220 
SOU ate tamu sees Shadi s. scent DE ZOO) AAG 2 (omnis ge ee ae ee ee a a ce eee 180 
SES ADS 3 ees SE see Sane ene GOO; | Many: SS2 soe ne Aes ee eee ee ae 300 
SOD bers OMe mene eee eae IE Cae aL, ABT. (S| ME anys es Se he aa aay gE ae ee 753 
WIE AGE Se eae sone heennn a eaten ae Lae 301 
IBY; SRS son Hits rete cote es Sees Igoe 267 
Maya Deen ee gr se metas ee cere gue 102 
WN LenS eS 2s am plea SN oe rei 203 
UITNG 2 ie ore ere eer toe tee eer eee 73 
Dune Gees ae ee a ee ae Sob a eee 16 
Motale. Ab a-ke skotee eet ees 17, 800 otal ene Seen pp ee eee 2, 600 
Percentagesutwival 2a ee 14.61 

CAGE 2. 

OGBs Ns ad os ao SH te a eee ue aaa RATA OID Key O) D6 be meee eh nee Sore SEN IRI oo ate ae 100 
IGE Oey bie Oey rete te ie tres thee |! TE RIAIY INFOS eat Soke sp a RRO DOB e 314 
OG BSE Ae ete 2 ea aes SR eer tae om SROOOS AIA U2 serene repre twain eS coke eee 186 
OG EEDA Gao ek bap hres pea eee Cato ire Me ROD SE2O0: (Aces 17 aaes CeO TT GS 2a dee 1, 036 

(OCs Tiss Oe eee Neen Se ete eres ee ee SLES SSO OB ASP T sel weet re i gah ip Oe yc Sa 1 
OG Tints A 6 © anes GER aie one eins as Ne aaa AS OOOR| Nias Aman acne See sacle ce cate eee 453 
May Sa 733i ssc as tie: on Seb. A TRE 231 
Maye 20s oes e an pceniee 2 en ae nn neon 105 
AT Olas ie Oe ee eas Soe 18, 050 Ut Otaliss. asso cee et Se ee 2, 638 
Percentage sunviveles eeeen esses aaa 14.61 


HIBERNATION AT CHATTANOOGA, TENN. 


The Mexican bean beetle reached Chattanooga, Tenn., early in 1921, 
and reproduced rapidly that year. It had not become abundant, 
however, by fall. In October, 18,000 beetles, collected at Birming- 
ham, Ala., were placed in hibernation on Lookout Mountain in 
Tennessee, in a cage and with materials for protection similar to those 
used at Birmingham, Ala. The altitude of this mountain is more 
than 2,100 feet above sea level, and the latitude is 35° 21’ N. Beetles 
were removed when the locality was visited and the results are given 
in Table 9. The survival in this cage was lower than in the others, 
probably because the beetles were not removed regularly. No 
attempt was made to estimate the mortality due to starvation in the 
spring, but it is believed that a higher percentage of survival would 
have been obtained if the cage had been observed daily. Of the 
adults placed in this cage, 9.7 per cent survived the winter. The 
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maximum emergence, estimated from observations, probably — 
occurred from May 10 to May 27, which is three weeks later than at 
Birmingham, Ala., where cages were placed at 600 feet above sea 
level, at 33° 31’ N. latitude. The insect at the latitude and altitude 
of Lookout Mountain remains in hibernation from 74 to 8 months. 


TABLE 9.—Data on hibernation cage at Chattanooga, Tenn., on Lookout Mountain, 
winter of 1921-22. 


Beetles collected at Birmingham, Ala. | Beetles emerged. 
Date. Number. Date. Number. 
OCR Oren cae ree en ae ene ee ae Bee 60000), AspG: 26.2 32.200 sees sais ao Sere Seen 37 
OCHO Re ret ee eee ae es ees 12 (O00 May LG coats Sirs elie aise ee ime pe 465 
Mia Vb SSE Ss os Sel eI re ber 585 
May 2 Tact eett es. Se 2 eee eee 629 
JUN ON ake n cone ee ee Aan eee eee 24 
MPotalksars 410k. Asee srr ee eee | 18, 000 Ota = See eee, Sa ee 1,740 
Beetles transported to Chattanooga and placed in | Next observation was June 29, when there were no 
cage Oct. 11. living beetles in the cage. 
Percentage Sunvivall = 2555-52525 ee eee 920 


HIBERNATION AT THOMASVILLE, GA. 


The isolated infestation at Thomasville, Ga., offers an interesting 
comparison of the habits of the Mexican bean beetle at a low alti- 
tude (about 300 feet above sea level) and more southern latitude 
(30° 54’ N.) with those at the higher altitudes and more northern 
latitudes of Birmingham, Ala., and Lookout Mountain, Tenn. 

Hibernating habits under natural conditions at Thomasville, 
Ga., during the winter of 1921-22 were very similar to those about 
Birmingham, Ala. Because of the lighter infestation and the rela- 
tively smaller acreage of bean plantings, adults were not so numerous. 
An area of several square miles surrounding the city was included 
in the study of hibernation. A total area of 4,823 square feet, 
representing 718 searches, was examined carefully. Of 152 adults 
observed in hibernation, 69 per cent were found in a colony com- 
prising 105 beetles. These were found at the base of a large oak, 
erowing in contact with a large gum tree. The beetles were dis- 
tributed from 1 to 3 inches below the surface in oak and cum leaves. 
Close by was a garden which had contained pole Lima beans which 
had been destroyed by the beetle the previous summer. 

In searching for hibernating bean beetles many adults of the 
related squash beetle® were also observed in hibernation, often 
under identical conditions, side by side, under leaves on the ground. 
The well-known habit of the squash beetle of hibernating in crev- 
i es in the bark of trees has not been observed in the case of the bean 
reetle. 

A hibernation cage like those mentioned above was used at Thomas- 
ville. (See Table 10.) In 1921 the majority of the beetles left 
the fields late in October, but a few were present as late as Decem- 
ber. The first issuance from hibernation observed in the field was 
March 29, 1922, but, as noted in Table 10, emergence began February 
28 in the cage and continued until June 3. The survival was 30 


5 Bpilachna borcalis Fab, 
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er cent. This high rate, however, may be partially due to the 
act that the dormant period of a portion of the beetles is reduced to 
less than four months. 


TasLE 10.—Data on hibernation cage at Thomasville, Ga., winter of 1921-22. 


Beetles collected. Beetles issued. 
Date. Number. Date. Number. 
1921. 1922 
Sep tao 8=3 Une abatiana tea suena soars oni G0) WIN) OB Pana scooe ere cbaEesboseoe aaaeee 79 
Oc PEGI R Eye Sid ae ee icin tone Riche aise 1 625)|) Mare USM seep ne eee ee Senn ce S 153 
COXGL ES atten Us ec rt nea Lye Ae ee SEN 2, See TAOS) dias Rey MS te cere wae dy Mee cet ee Bees RE me 97 
COYOTES ESR ea 2 eS eye 2OOF Mar a2 [ao eee ee see cete sy Lier ie 93 
Octare26=3 le ee ae SS SEE PAE | S7NG Oy id Lee aaa aa nie ie ieee pes Gaye 116 
INK ORK SR este eee ae ae Pe Be ee ae SAD) a PART) Tee Eats a gay septa et oe a ete 30 
INIOW DELS Seek ee ci aorais care Se ees eeiste PAR NA (I ve\T oy Be Any OV emir kN lhe tah le diay eames at A ON ae 339 
INO Os ee ae crea as Sra ceva LOOM PA TY a1 Dao eee Renee coe he eae 154 
TD opt eS gS Pv a ae STs ACO TS SUS UO Wate a ate ery ey hm aR ree 261 
ATH DIOR ahs ee aR ia OY 1G 170 
1922 MA Yi il Bie hb id Sha neh oe eft fan 90 
TEED og PAI hc OE ae So Aiea ly ey aye an DA NANT aye SINS Bie Meeps seam teeta tie e espa 43 
ATR) SUM RMS: as Gee alee ee eral UI MANIC a Leena are APS einen area See ene ea ges 27 
Mayo 2 2 eee Ui enrol ae es had ) 
Misty: 26-5 AREA SE TELE eee 2 
INE OO Ne Sisco aes ER eae ceo) Pa as 6 
JRO Ses eae ess seis ro ie ce conta sierra ene a ret 1 
MO tale cee eee ce ae s= 5, 494 Mo Gales scsi sty chee ee Sis Ne 1,667 
Rercentase:suinvivalllsme =e anaes ae | ee 380. 34 


HIBERNATION CAGE SUMMARY. 


Number of NGETIBOTIOR 


beetles Per cent 
Cage. = beetles : 
placed in survived. 
cage. emerged. 

Mhoniasville | Gas st te pass Pessoa cee en seecee tie pce pee octane 5, 494 1,667 30. 3 
Binmin shame yAlasCagouleesan swat Sse ee ee ae eo aeee 17, 800 2,600 14.6 
PinminehamprAla Cage 2:nsee aces ne eee eee teenies Ayo eee 18, 050 2,638 14.6 
Chattanooga, Tenn. (Lookout Mountain)...... SO a ee Ste 18, 000 1,740 9.7 


The maximum emergence in the cage occurred between April 1 
and April 6, when 485 emerged, which is 18 to 31 days earlier than 
at Birmingham, Ala., and 39 to 51 days earlier than at Chattanooga, 
Tenn. 

In the mild climate of southern Georgia the time between the 
earliest entrance into hibernation and the latest emergence covers 
about 7 months, a relatively long period. ‘The time from the entrance 
of the last beetle into hibernation until the first emergence is only 
about 34 months. The majority of the beetles remain in hibernation 
about 5 months. These habits may change, however, as the insect 
becomes adapted to that climate, which is entirely different from 
the conditions prevailing in theSouthwestern States, where the species 
has thrived for three-fourths of a century. 


NATURAL CONTROL. 


The known natural enemies of the Mexican bean beetle are rela- 
tively few in the Southeastern States. None has been of much 
economic importance since the insect reached that section, and it 
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will no doubt require many years for native enemies to become adapted 
to it. No insect or other enemy has been observed to effect any 
appreciable control in the western part of the United States. 


PREDACIOUS ENEMIES. 


The following predacious insect enemies have been observed to 
prey on the Mexican bean beetle, Hpilachna corrupta, in the field, and 
most of these have been observed in confinement. 

The common coccinellid beetle, Megilla maculata DeG., was very 
abundant about Birmingham, Ala., during the summer of 1921. 
This beneficial species fed, in both the larval and adult stages, on 
the eggs of the bean beetle, and occasionally on young larve. Many 
ege masses were attacked and a few eggs of each destroyed. The 
bean beetle was so abundant that less than 3 per cent of the eggs 
were destroyed. During 1922 Megilla was not abundant, and very 
few eggs were destroyed. 

The convergent lady-beetle Hippodamia convergens Guér., also eats 
the eggs of the bean beetle, but sparingly. The adults of Coccinella 
sanguinea L. and C. novemnotata HUbst. feed slightly on the eggs, the 
latter species more generally on younger larve. Adalia bipunctata 
L. feeds slightly on the eggs and small larve. 

A common soldier-bug, Stiretrus anchorago Fab., destroys larve, 
pup, and beetles. It is not common until late in the season, and 
then is not sufficiently abundant to be of much value. This bug, 
both in the last nymphal and in the adult stages, is at present the 
most effective native enemy. 

Another pentatomid bug, Podisus maculiventris Say, feeds in both 
nymphal and adult stages on larve, pup, and adults of the bean 
beetle and is a more active feeder than Stiretrus. It is not generally 
as numerous as Stiretrus, and is therefore less effective. Both of 
these bugs can subsist for long periods on a bean beetle diet. 

The common wheel-bug, Arilus cristatus L., feeds on larve, pupe, 
and beetles, but is too rare to be effective. 

The ground beetles might be expected to prey on the bean beetle, 
especially when the latter is so abundant as to destroy a field of beans 
and the larve crawl about in search of food. No beneficial effects 
have been observed from this source, though three native species, 
Harpalus caliginosus Fab., Scarites subterraneus Fab., and Caloserl 
sayi Dej., eat larvee sparingly, and the latter two species attack 
pupz and beetles in confinement. 

The tiger beetles Tetracha carolina L., and T. virginica L., both 
larvee and adults, feed voraciously in confinement on larve, pupe, 
and adults of the bean beetle and occur in infested fields. It is not 
certain that they feed voluntarily on this insect in nature, and their 
habits would not indicate that they are very important enemies. 
They are not present in numbers in well-cultivated fields. 

The larvee and adults of the lace-wing flies Chrysopa oculata Say 
and C. rufilabris Burm. feed on pup of the bean beetle. They are 
not numerous and are of little importance. 

In the fall of 1921 a number of instances of feeding by one 
on pup of the bean beetle were noted. In three instances the larve 
matured in confinement on a diet of bean-beetle pupxw and developed 
into normal moths, two of which were identified by Dr. F. H. Chitten- 
den as Prodenia ornithogallt Guen., and the third as Laphygma 
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frugiperda S. & A. A fourth collected in the field proved to be 
Heliothis obsoleta Fab. (Pl. XI, C.) These unusual habits may have 
been caused by the destruction by the bean beetle of the bean foliage 
on which these insects had been feeding. 

The ants Solenopsis geminata Fab. and Pheidole sp. destroyed bean- 
beetle pup in experimental cages during the summer of 1921. 

The adult of Epilachna corrwpta has been observed to feed on its 
own eggs in the field in the presence of green bean foliage, and 
larvee have also been observed feeding on pupz in the presence of 
other food, but very rarely. In the absence of green foliage, adults 
and larve very commonly feed on pupe and eggs of the bean beetle, 
but not to a sufficient extent to be important in natural control. 

Not infrequently dead larve and pupe, light brown to dark brown 
in color, are observed in the field, attached to leaves. Bacteriological 
examinations of such specimens by Dr. G. F. White showed the 
presence of unidentified Coccobacillus and Streptococcus. Attempts 
to inoculate healthy larve by spraying cultures, furnished by Doctor 
White, on bean plants exposed to the larve availed nothing. It 
appears, however, that in the field during the summer a low percentage 
of larvee and pupz succumb to a bacterial disease. 


PARASITES. 


The Mexican bean beetle has been exceptionally free from parasites 
in the United States. No internal insect parasites have been recorded 
heretofore, and none was observed during the season of 1921. In 
1922, however, a few native parasites of native insects were reared 
from the bean beetle. 

Phorocera claripennis Macq. (Pl. XI, A) was common during July 
and early August, and a considerable number were reared from egg 
to adult in cages on third and fourth instar larve of the bean beetle 
during that period, but the species gradually became scarce and 
disappeared from the field by September 1. The female fly deposits 
distinct white eggs on thelarva. (Pl. XI, 6B.) Only one larva of the 
parasite completes its development in the host. This species, although 
the most common native parasite during 1922, did not become abun- 
dant enough at any time to effect any appreciable natural control. 
It has many other hosts. 

The sarcophagid fly Helicobia helicis Towns.® was reared in two 
instances from bean-beetle larve. This general feeder is also rare. 

In 1921 Prof. H. F. Wickham collected a puparium of a parasitic 
tachinid fly in the vicinity of Mexico City, Mexico. In 1922 E. G. 
Smyth, later in the season, collected numbers of these puparia and 
shipped them to Birmingham, Ala. The fly occurs very late in the 
season, but is reported to parasitize 30 to 50 per cent of the larvee 
of Epilachna corrupta in Mexico. It has been recently described by 
Dr. J. M. Aldrich as Paradexodes epilachnae.’. More than 300 were 
successfully reared in the insectary at Birmingham on third and 
fourth instar larve of the bean beetle, and a few were liberated. 
A considerable number of puparia, also, were held in hibernation. 
Kmergence continued during mild weather in the winter, when the 


° Determined by Dr. J. M. Aldrich, of the U. S. National Museum. 
7 Proceedings of the Entomological Society of Washington, vol. 25, No. 4, April, 1923, pp. 95-96. 
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host was hibernating as an adult, and this habit may make coloniza- — 
tion difficult. This parasite appears to be capable of immense — 
benefit. t 

Phytophagous Coccinellidae in Java, according to Dr. P. van der © 
Goot, entomologist to the Dutch Government, are attacked in the ~ 
ego, larva, and pupa stages by Hymenoptera; hence it appears that 
other parasites that may prove useful against Epilachna corrupta 
may be found. 


EFFECT OF SUNLIGHT. 


During a prolonged hot dry period in 1921, when bean beetles were 
so numerous that they destroyed all bean plantings in the Birmingham 
district, the larve were forced to crawl about in search of food, and 
were also exposed to the sun on the stems and stalks of plants. Pupe 
were so numerous that many stalks and pods were literally covered 
with them, and many larve pupated on the ground, or on stones, 
weeds, or any object at hand. Many thousands of pupe gradually 
turned brown and died. 

Experiments were performed and various stages of the insect were 
exposed to sunlight. The eggs, which are normally protected from 
direct sunlight, are neal y laid on the upper surface of the leaf, 
or, when laid on the under surface, may be exposed in some in- 
stances by bean leaves growing upward. This is often the case with 
the tepary bean. An exposure to sunlight for 33 hours on four con- 
secutive days in June killed 57 eggs when the shade temperature 
ranged from 74° to 94° F., but 15 eggs of a group of 59 hatched after 
30 hours’ exposure on the same days. Twenty-four groups, totaling 
1,240 eggs, exposed to the sun continuously from three to five days 
during late July and August at shade temperatures reaching a maxi- 
mum of from 80° to 101° F., succumbed with the exception of two 
eggs. 

“An exposure to direct sunlight for two minutes was fatal to first- 

instar larve 1 day old when shade temperatures registered 96° F. 
Second-instar larve, 5 days old, succumbed after seven minutes’ 
exposure to direct sunlight when the shade temperature registered 
92° F. Third-instar and fourth-instar larve succumbed after 10 
minutes’ exposure to direct sunlight when the shade temperature 
registered 93° F. 

Three hundred pup were collected in the field September 12 and 
exposed to the sun for two days when maximum shade temperatures 
each day registered 96° F., and all succumbed, while 78 per cent of 
a check of 100 pupze emerged in the shade, and all pup reared in 
the shade in other experiments emerged. Undoubtedly most of the 
22 per cent of pupe of the check lot had been killed by sunlight in the 
field. 

Adults are more resistant, and since they can fly to sheltered 
places are not usually killed by effect of sunlight. Under conditions 
of light or medium infestation, large numbers of the various stages 
of the insect are not exposed and no great benefit from this source 
occurs. Allin all, however, the factors enumerated above, and no 
doubt others which were not observed, tended to reduce the 
number of adults going into hibernation to such an extent that the 
infestation was much lighter in 1922 than in 1921. 
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ENEMIES OF THE MEXICAN BEAN BEETLE 


A, Phorocera claripennis, a native tachinid parasite of the larger larve of the Mexican bean 
beetle, X 23; B, eggs of Phorocera claripennis on fourth-stage larva, X 6; C, corn ear- 
worm feeding on pupa of Mexican bean beetle, x 4 
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BENEFICIAL EFFECT OF SPRAYING FOR THE MEXICAN BEAN BEETLE 
A, Untreated check plats of beans destroyed by Mexican bean beetle alongside of plats treated 
with magnesium arsenate, used as a spray; B, same plats as shown in A, one week later, 
after leaves had dropped; sprayed beans to the left 
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GENERAL METHODS OF CONTROL. 


Reduction of the infestation by cleaning up hibernation quarters 
offers an excellent method of control. In sections where waste 
lands are sought by the beetle, cleaning up can best be accomplished 
during the fall or spring by burning. Fence rows and inaccessible 

ortions can be burned effectively by means of a blowtorch designed 
or the purpose, along the lines of a cactus or pear burner, such as is 
used in the Southwest for burning spines from prickly pear. It has 
been discovered that the beetle seeks places somewhat sheltered and 
where accumulations of leaves, pine needles, or plant débris occur. 
In such instances the material may be gathered in piles and burned, 
with especial care to prevent the spread of the fire over woodlands. 

Burning can not usually be recommended for the Southeast be- 
cause of the loss which would result in many sections where wood- 
~lands are abundant and are of economic value. Loss of timber, 
game, and beneficial insects in many cases would exceed the benefit 
gained, since the value of the bean crop would not equal the loss. 
Also, the beetle is capable of long flights to hibernation, and the area 
to be burned would be greater than with many other species of in- 
sects. In more densely populated sections, or in sections where the 
major part of the land is tilled, and where waste places are necessar- 
ily sought by the beetle, this practice will undoubtedly be very bene- 
ficial. Where woodlands are relatively small, burning of the ma- 
terials which shelter the beetles may be practiced without detriment 


to the timber. This practice would require a close community effort. 


over a considerable area, and would be promising only in cases 
where the area suitable for hibernation is restricted. 

Under conditions of severe infestation, fields which are badly in- 
jured should be plowed under before the larvz develop into beetles. 

Covering any stage of the beetle with 1 inch or more of clay soil 
during hot weather destroys it. 

The growing of beans under conditions of heavy infestation is im- 
possible without the use of remedial measures. Only as many beans 
as can be treated should be planted. The expense of treating pole 
beans, on account of the difficulty of application and the longer 
period to maturity, which involves more applications, makes it ad- 
visable to grow only bush beans where infestation is heavy. 

Where green beans are grown, the infested fields should be plowed 
as soon as the crop is picked. This will destroy large numbers of all 
stages of the bean beetle and will reduce the infestation. Community 
effort is essential in this practice, and will benefit each grower. 

For the winter months fields should be planted to cover crops 
best suited to conditions.’ This will add organic matter to the soil 
and stimulate a vigorous growth and early maturity the following 
year, thus tending to compensate for bean beetle injury. 

Plant varieties which do not produce large, bushy foliage. Too 
leafy a foliage can not be as thoroughly covered by arsenicals as 
varieties which produce less foliage. 

Plant seed in the drill. Clumps of plants are more difficult to 
reach with insecticides than row crops. 


8 Farmers’ Bulletin 1250, entitled ‘‘Green Manuring.”’ 
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ARTIFICIAL CONTROL. 


At the outset the problem of artificial control of the Mexican bean 
beetle appeared to be a matter of the application of the proper 
stomach poison to the bean foliage. Some experience had been 
gained along these lines by State and bureau workers in the West 
and Southwest. The general conclusion from these investigations 
was that lead arsenate and zinc arsenite are the most satisfactory 
arsenicals for the control of the Mexican bean beetle, these being 
recommended as sprays. 


INVESTIGATIONS OF 1921. 


ARSENICALS. 


The work for 1921 was therefore planned with a view to learning 
what results could be obtained in the Southeastern States by these 
sprays. A number of other arsenicals were also tried, chiefly calcium 
arsenate and magnesium arsenate. A large series of experiments 
was conducted with various dilutions of all of these arsenicals, both 
as sprays and as dusts. After completing the first experiments, it 
appeared as though lead arsenate and zinc arsenite were promising 
materials, since check plats were totally destroyed and excellent 
ea was afforded treated plats. Experiments were continued, 

oweyer, and it was soon learned that the plant injury caused by 
these arsenicals makes them hardly worthy of recommendation to 
the grower, on account of reduced yields. 

Different factors were found fo influence this plant imjury. 
Attention was called by Dr. William Moore, formerly of the Bureau 
- of Entomology, and C. M. Smith, Insecticide and Fungicide Lab- 
oratory, Bureau of Chemistry, to the effect on lead arsenate of the 
water available in the Birmingham district. Further experiments 
were performed, and it was learned that lead arsenate is absolutely 
unsafe for application to bean foliage, even with distilled water, or 
diluted with hydrated lime and used as a dust. It was also learned 
that zinc arsenite causes a serious reduction in yield, even though 
the injury to the plant is not as noticeable as injury caused by lead 
arsenate. Experiments proved that calcium arsenate is absolutely 
unsafe for bean foliage without the application of an excess of lime 
along with the material. These results were also obtained when the 
materials were used as dusts. 

Throughout all the experiments magnesium arsenate, a commer- 
cial preparation which has not been generally used on account of the 
injury to foliage of different kinds of fruit trees, was found to be safe 
on bean foliage, even though used with the water of the district, 
which is relatively high in soluble sodium salts. Under conditions 
of severe infestation in 1921 unsatisfactory results were obtained 
with dilutions of those arsenicals which were injurious to foliage in 
the undiluted state. 

Since magnesium arsenate is not generally available to bean 
oTOWwers, and because of the fact that growers in the Southern States 
were more familiar with dusting methods than with spraying methods, 
a tentative recommendation was made that calcium arsenate of a 
high grade be diluted with 9 parts of hydrated lime and be applied 
to the foliage as a dust. The amount of arsenic in this mixture, 
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however, was so low that entirely satisfactory results were not 
obtained under conditions of severe infestation. Magnesium arsenate 
was therefore recommended because it was the only arsenical known 
which could be used without dilution and not cause plant injury. 


OTHER INSECTICIDES. 


Experiments were also conducted with materials other than 
arsenicals. Nicotine dusts were thoroughly tried. Various strengths 
of dust were used, ranging from 0.38 per cent nicotine content to 
4 per cent nicotine content. The insecticidal properties of these 
dusts against the Mexican bean beetle were nil. 

A number of experiments were performed with pyrethrum powder, 
used undiluted as a dust and combined with various diluents, such as 
cornstarch and hydrated lime. Decoctions of pyrethrum powder 
were also used. It was found that pyrethrum powder and certain 
decoctions thereof were very toxic to the adult of the Mexican bean 
beetle, less toxic to the larve, and almost ineffective against the eggs 
and pupz. Because of the high cost of the material, however, and 
the frequent applications required, pyrethrum is_ absolutely 
impracticable for field control. 

i number of new compounds were tried in an experimental way 
‘in cooperation with Dr. William Moore and C. M. Smith. While 
some of these materials may be of value, not one of them has as yet 
warranted recommendation over some of the better known available 
arsenicals. | 

INVESTIGATIONS OF 1922. 


The problem presented in the 1922 experiments in artificial control 
was the use of an arsenical which would not be injurious to bean 
foliage and at the same time would be sufficiently toxic to the Mexican 
bean beetle to insure satisfactory control, the former requirements 
being the more limiting. 

Since magnesium arsenate and calcium arsenate with an excess of 
lime were the most promising arsenicals tested in 1921, these, as well 
as basic lead arsenate, were used on a larger scale than others. 

A few experiments were performed with lead arsenate and zinc 
arsenite in order to check the results obtained the previous season. 
A number of other compounds were also the subject of experiment. 


SPRAYING AND DUSTING MACHINERY USED IN EXPERIMENTS. 


The power sprayer (figs. 11, 12) referred to is a 150-gallon capacity, 
triplex-pump, high-pressure potato sprayer, equipped with a mate 
speed 5-horsepower engine, and was used in experiments as a 4-row 
sprayer, 3 nozzles per row, at 250 pounds pressure. 

An arrangement was improvised to permit the driver to raise and 
lower the boom with one foot when turning around or driving over 
uneven places. 

The wheelbarrow sprayer (fig. 13) is a 15-gallon capacity, hand- 
operated outfit, capable of maintaining 150 pounds pressure at two 
nozzles. It was mounted on a narrow slide and pulled by one horse. 
Two men were required—one to pump and one to spray. The 
arrangement of the nozzles on a U-shaped pipe attached to the spray 
rod made it possible to spray a row at the speed the horse walked. 
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The hand sprayer (fig. 14) referred to is a 3-gallon capacity, com- 
pressed-air type, which it is estimated produces from 40 to 65 pounds 
pressure if pumped at intervals of 100 feet of row. 


Fic. 11.—Power sprayer used in experiments against the Mexican bean beetle, showing arrangement 
of nozzles and device for raising the boom. 


The knapsack type of hand bellows duster used is illustrated in 
Figure 15. The power duster used is shown in Figure 16. 


Fic. 12.—Spraying beans for the Mexican bean beetle with a power sprayer, This machine may 
be adapted to spray 8 rows at once, 


EXPLANATION OF TABLES. 


Table 9 gives only the results of the experiments performed with 
the arsenicals commercially available, arranged by experiments 
chronologically. Table 12 gives results of dusting experiments, 
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arranged by insecticides. Table 13 gives results of spray experi- 
ments arranged by insecticides. The infestation was not as severe 
as in 1921, and comparisons between experiments must take into 
consideration the degree of infestation. 


Fic. 13.—Spraying beans against the Mexican bean beetle with a wheelbarrow sprayer mounted 
on a slide. 


__ In comparing results with different insecticides, the plant-injury | 
factor as well as the insect-control factor must be taken into con- | 
sideration. The plant-injury factor is apparent in yields harvested 


Fic. 14.—Spraying small field beans with a hand sprayer to control the Mexican bean beetle. 


when infestation is ight, but in some cases does not show, except by 
comparison, when yield is heavy. The notes taken during the experi- 
ments showing observations of visible injury give very accurate data 
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on this point. This is shown in experiments performed under 
conditions of light infestation, with the possible exception of the 
zinc arsenite experiments. Injury by this insecticide is not easily 
estimated by observation. When infestation by the Mexican bean 


Fic. 15.—Dusting beans with a knapsack bellows type of duster. 


beetle is light, variations in yield are attributed to insecticide treat- 
ment, which often causes a decrease in yield. Each experiment must 
be compared with check plats and other plats tested at the same 
time, because of variations in land, season, and climatic factors. 


Fiac. 16.—Power duster used in experiments in control of the Mexican bean beetle, 


Under typical conditions in the Southeast, summer crops of bush 


beans do not produce well. 
In experiments where injury from treatment was serious, beetle 
injury would not be estimated, 
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In dust experiments, treatments in some instances followed closely 
on account of frequent heavy rains. 

In experiment 1(c) the pulverized stone lime was not ground suffi- 
ciently to obtain a good application, and the amount applied was 
therefore excessive, as much dust fell to the ground. 

The per cent of reduction in yields due to treatment, with the check 
plat as the basis, does not take into consideration bean beetle injury 
to the check, for in ali experiments where this calculation is made 
Epilachna injury did not reduce yields to a very great extent. The 
insecticide injury as affecting yields therefore is shown rather lower 
in this column than is actually the case, for there is no way of accu- 
rately determining the reduction in yield in the absence of insect-free 
checks. 

Check plats, except in a very few instances, were of the same size 
as the treated plats. In some cases two check plats were used, each 


_ the same size as the treated plats. 
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MAGNESIUM ARSENATE. 


Magnesium arsenate has proved to be the least toxic to the bean 
plant of all the materials tested, and it is at the same time toxic to 
the bean beetle. For two seasons no appreciable injury has resulted 
from its use in 134 treatments in the field. 

As a spray at 2 pounds per acre with caseinate of lime, it has given 
excellent control. Rain water is not necessary; well water and 
water from streams do not cause injury to foliage, even though the 
content of sodium salts is relatively high. When magnesium arsenate 
was used, increases in yields generally resulted, but slight reductions 
occurred in a few experiments when bean beetle injury was very 
hght. 

“Experiment 6 (Table 11) gives a good idea of the merits of this 
material in comparison with zine arsenite and basic lead arsenate, 
and the relative merits of the latter in comparison with calcium 
arsenate are shown in experiment 7 (Table 11). The check plat in 
experiment 6 was completely destroyed, while the adjacent plat 
treated with magnesium arsenate remained green and bore a good 
ecop., (BIIXIE AS BS 

Magnesium arsenate is also safe for use as a dust. On account of 
poor physical properties it should be diluted with from 1 to 5 parts of 
hydrated lme, depending on the infestation. Further work with 
this material as a dust is necessary. 

This arsenical, as at first placed on the market, was very high in 
water-soluble arsenic content, but the method of manufacture has 
been improved and all the results reported herein were obtained with 
a high grade of material which did not exceed 0.13 per cent water- 
soluble arsenic content, expressed as metallic arsenic. The toxicity 
of this material to the Mexican bean beetle compares very closely 
with that of calcium arsenate. Caseinate of lime as-a spreader, 
added at the rate of half as much by weight as the arsenical, may be 
used with this material when applied as a spray. 


BASIC LEAD ARSENATE. 


Basic lead arsenate is probably the safest commercial material 
for use on bean foliage when mixed with rain water. It does not 
cause injury to foliage when used as a dust. Its low toxicity to the 
bean beetle makes it very undesirable. In one instance 90 per cent 
of the field treated with this material was destroyed, and could 
hardly be distinguished from the untreated field. Laboratory- 
prepared material gave similar results. In other instances, under 
conditions of light infestation, this material gave sufficient protection 
and yields were notably increased. in one experiment this material 
was used at the rate of 4 pounds per acre, as a spray, without injury 
to the bean foliage. Further experiments are necessary to determine 
the degree of control which can be obtained at this rate of application. 

Basic lead arsenate is the commercial basic lead arsenate such as 
is used in certain districts of California, and is termed ‘4, 1, 3, 1—-lead— 
hydroxy arsenate, Pb, (PbOH) (AsQO,),, H,O”’ by McDonnell and 
Smith.?® 


’ Jour. Amer. Chem. Soc., vol. 38, No. 10, October, 1916, p. 2030. 
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“ZINC ARSENITE. 


The two commercial grades of zinc arsenite experimented with 
the past two seasons are unsafe for use on bean foliage. Zine arsenite 
does not appear to be as injurious to bean foliage as lead arsenate. 
The injury to the bean plant is different from that caused by other 
arsenicals, as burning of the foliage does not always result, but the 
plant is visibly stunted, the color of the foliage turns darker green, 
and the leaves show a tendency to curl. 

Used as a spray at 14 pounds to the acre, reductions in yield below 
those of check plats were obtained. Under conditions of severe 
infestation, excellent insect control is apparently obtained, but 
treated fields do not yield well. On account of the particular type 
of injury to the crop from use of this arsenical, the injury is likely 
to be overlooked and the arsenical rated too high unless accurate 
records of yields are obtained. 

Only one experiment was performed with this material as a dust 
during 1922. Diluted with hydrated lime, plant injury can be 
reduced, but this material is inferior to calcium arsenate and magne- 
sium arsenate on account of toxicity to foliage. It is also physically 
inferior to calcium arsenate for dusting. 


CALCIUM ARSENATE. 


Calcium arsenate or arsenate of lime is extremely toxic to bean 
foliage. Injury to foliage when used as a dust ranged from 60 per 
cent to no injury, depending to a great extent on the degree of 
dilution with hydrated ime. Reductions in yield occurred in much 
the same order. It is certain that calcium arsenate can not be used 
as a dust stronger than 1 to 5 parts of hydrated lime, and that 
appreciable injury may result in some cases with this dilution. 

This insecticide is the most desirable for dusting, from the stand- 
point of physical properties. ; 

Sulphur as a diluent appears to have a slight beneficial effect in 
reducing plant injury, but not enough to make calcium arsenate 
safe at stronger than the 1-1-4 dilution shown in the next paragraph, 
and folage injury occurred in two experiments to the extent of 10 
and 20 per cent, respectively. The beneficial action of sulphur is 
even less noticeable when calcium arsenate is used in greater propor- 
tions. _ 

Excellent results have been obtained with a mixture devised by 
Dr. F. L. Thomas, of the Alabama Agricultural Experiment Station, 
comprising 1 part of calcium arsenate, 1 part of superfine dusting 
sulphur, and 4 parts of hydrated lime. Slight injury, however, has 
occurred under certain conditions with this mixture. Where this 
occurs, it is suggested that the hydrated lime content be increased. 

Diluted with 9 parts of hydrated lime, the high-grade calcium 
arsenate used has ior two seasons been found safe on bean foliage. 
Only one instance of injury to foliage occurred, and that only 10 
per cent. Further comparisons between this cheap mixture of 
materials, available to most growers, and the more expensive sulphur 
mixture are necessary. The slight advantage of this mixture over a 
1 to 9 hydrated lime mixture does not warrant the extra expense, 
_ where growers have to purchase this mixture already prepared, 

since the price is from 2 to 4 times as high per unit of arsenical as 


46 BULLETIN 1243, U. S. DEPARTMENT OF AGRICULTURE. 


a home-mixed material. Where dusting sulphur is available, it 
is recommended that the grower obtain the ingredients and mix 
them himself. 

Used as a spray, calcium arsenate is unsafe without an excess of 
lime. At the rate of 14 pounds per acre, with 3 pounds of rock 
lime freshly slaked, or hydrated lime, it is comparatively safe. In 
two experiments no plant injury occurred, and excellent control was 
obtained. In experiment 1(a) (Table 11) 30 per cent of foliage 
injury occurred, however, and it should not be used when magnesium 
arsenate is available. In experiment 7 results identical with those 
following the use of zinc arsenite were obtained. 

The calcium arsenate used in all these experiments was of the very 
highest grade. The water-soluble arsenic content of this material 
did not in any case exceed 0.13 per cent, expressed as metallic arsenic. 
Inferior grades of this compound should be very cautiously applied. 
The bean plant is more susceptible to arsenical injury than the 
‘cotton plant, and grades suitable for cotton dusting may not be 
suitable for use on beans. 


LEAD ARSENATE. 


For two seasons lead arsenate proved too injurious to bean foliage 
to warrant its use in the Southeastern States. Under conditions of 
severe infestation, the protection afforded the foliage is sufficient 
to make it appear that good results are obtained, but the arsenical 
injury is serious enough to reduce greatly the normal yield. 

Injury to foliage from lead arsenate used as a dust ranged from 
60 per cent with the material undiluted to 15 per cent when diluted 
with 9 parts of hydrated ime. The reduction in yield ranged from 
59 to 15 per cent below untreated checks which were injured by 
the bean beetle from 25 to 70 per cent. Slght increases in yield 
resulted from treatment under conditions of medium and heavy 
infestation when injury by the bean beetle to untreated checks was 
35 to 70 per cent. ‘The previous season this material was even more 
injurious, and experiments were therefore reduced during the second 
season. 

Injury to foliage from lead arsenate as a spray at 2 pounds per 
acre ranged from 25 to 40 per cent when rain water was used, and 
from 15 to 65 per cent when water from a stream was used. A 
reduction of 31 per cent in yield occurred under conditions of medium 
infestation when the untreated check plat was injured 40 per cent 
by the bean beetle. It is quite possible that lead arsenate can be 
used more successfully in the North when the beetle reaches that 
section, but in the Southeast it is unsafe. Rain water should be 
used in sections where the water contains soluble salts which de- 
compose lead arsenate and cause an increase in soluble arsenic. 

Lead arsenate corrected with zine carbonate, according to sug- 
gestions from Dr. William Moore, may probably be used ‘success- 
fully on beans. Additional work on this point is necessary. 

This arsenical is more repellent to the adult bean beetle than 
magnesium arsenate, zinc arsenite, or calcium arsenate. 

The lead arsenate referred to is a good grade of the commercial 
lead arsenate, or di-lead arsenate, which is termed ‘‘dilead ortho- 
arsenate, PbHAsO ,” by McDonnell and Smith." 


——— — a ee ee 


10 Jour. Amer, Chem. Soc., vol. 38, No. 10, October, 1916, p. 2030, 
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USE OF SPRAYED BEANS AS FOOD. 


For two seasons beans treated with arsenicals have been analyzed 
for arsenical deposits. In no case has the amount of arsenic per 
quart of green snap beans as picked approached the point where 
there is any danger whatever from consumption of even this amount. 
Snap beans which have been treated should be washed in two changes 
of clear water before marketing to safeguard against any difficulty 
from this source. In accordance with ordinary cleanliness, beans 
should be thoroughly washed before cooking. There is not the 
remotest danger from dried beans. Bean-vine hay which has been 
treated with arsenicals must not be fed to stock. 


COST OF TREATMENT. 


Computations of the cost of treating an acre of beans, from records 
obtained on the experimental plats, give results as follows: Spray- 


ing costs from $4 to $8 per acre, depending on the costs of arsenicals - 


and type of machine used; dusting costs from $4.50 to $12 per acre, 
depending chiefly on the prices of arsenicals and the type of machine 
used. These figures are based on four treatments of bush beans 
drilled in rows 3 feet apart. | 

In these calculations, man labor is figured at 20 cents per hour 
and horse labor at 10 cents per hour. Where labor is higher, 
calculations may be made to suit conditions. From 4 to 8 hours 
are required to spray an acre of bush beans with a small hand sprayer, 
depending on the size of the beans. The wheelbarrow sprayer 
mounted on a slide and drawn by a horse requires the time of two 
men, and one korse for 3 hours. The power sprayer requires two 
men and two horses for one-half hour each. The hand duster 
requires one man for 24 hours. The power or traction duster requires 
25 minutes time of one man and two horses, but this may be reduced 
on large acreages. Time of refilling machines is included in the above. 


DISCUSSION OF ARTIFICIAL CONTROL. 


Sprays, compared with dusts, have given consistently superior 
results for two seasons. Much of the difficulty with dusts is traceable 
to the manipulation of dusting machinery, which is not at present 
as suitable for treating the under surfaces of leaves on low crops as 
spraying machinery. 

With the perfection of dusting machinery and methods of applica- 
tion, dusting will probably become a more desirable farm practice 
in many cases than spraying. Where growers are equipped with 
machinery for spraying, and are so situated that water can be 
easily obtained, better results will be obtained by this method. 
Spraying is not so dependent on weather conditions as dusting, since 
the adhesion of the spray to the leaf is greater and the material is 
not washed off the leaves by rains as easily as is the case with the 
dust. Again, spraying can be done under atmospheric conditions 
which are unsuitable for dusting. In many cases this makes it pos- 
sible to obtain better control with one or two fewer applications of 
sprays than of dusts. The amount of the arsenical required per acre 
is of course much less with spraying than with dusting, and in view 
of the increasing price of arsenicals this factor is becoming more and 

more important. 
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Spraying has certain disadvantages, compared with dusting. 
Initial expenditures for equipment are greater in some cases, and 
more time per acre is required on account of refilling the machine, 
preparing the spray, and cleaning the nozzles. 

Spraying has the distinct advantage that it makes the most efficient 
and economical use of Magnesium arsenate, which is not especially 
adapted to dusting. 

Magnesium arsenate has been found by several investigators to be 
injurious to the foliage of fruit trees. It will not, therefore, fill the 
place of an arsenical for general use. A high-grade material, however, 
will undoubtedly be safe for many uses. 

Because of the availability of calctum arsenate and its superior 
dusting properties, it will be much used, and is recommended as a 
dust where no better material is at hand. Only a very high grade 
should be employed, and it should not be stronger than 1 to 9 parts 
of hydrated lime (or plasterers’ lime). 

When fine dusting sulphur is available, the 1-1-4 mixture of cal- 
cium arsenate, dusting sulphur, and hydrated lime is recommended. 
If injury to foliage results, the hydrated lme content should be 
doubled. 

Lead arsenate and zine arsenite should never be used on beans 


in the Southeast. 
MIXING DUSTS. 


Dusts may be mixed on the farm with very little trouble. Ingre- 
dients should be weighed. Quantities up to 100 pounds may be 
mixed with a steel drum which can be tightly covered. The drum 
should be filled not more than two-thirds full, covered tightly, and 
rolled about for a distance of approximately 50 feet. It should then 
be tipped up on each end and this process of rolling and tipping 
repeated 15 or 20 times. When ingredients are lumpy fromstanding, 
they should be sifted through at least a 50-mesh sieve before mixing. 
For large quantities, a ball mill or a baker’s sifter and mixer may be 
used 

SUMMARY OF CONTROL RECOMMENDATIONS. 


Magnesium arsenate, at the rate of 2 pounds to 100 gallons of 
water, is an effective spray. Caseinate of lime as a spreader may be 
used with this mixture at the rate of 1 pound to every 100 gallons 
of spray. Using three nozzles to the row on bush beans drilled in 
rows 8 feet apart, about 90 gallons of spray are required per acre with 
a power machine drawn by a team. About 2 pounds of the poison 
per acre is the proper dosage. Two nozzles should be directed to the 
under side of the leaves, and a pressure of 150 pounds or more is 
essential for good results. The nozzle over the top of the row need 
not be used in cases of light infestation or when pressure can not be 
maintained. 

The spray should be applied when the eggs of the bean beetle 
become numerous, usually when the beans begin to send out their 
first trifoliate leaves; i. e., the third and fourth leaves. 

Under conditions of heavy infestation four applications are neces- 
sary at intervals of from 7 to 10 days. Spray may be applied until 
the first bean pods are 2 or 3 inches long. 

When spraying is impracticable, magnesium arsenate May be used 
as a dust diluted with from 1 to 5 parts of hydrated lime, depending 
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on the numbers of beetles present and the damage done. Another 
effective dust is composed of a high grade of calcium arsenate diluted 
with 9 parts of hydrated lime. A mixture of high-grade calcrum 
arsenate 1 part, fine dusting sulphur 1 part, and hydrated lime 4 parts 
also is effective and may be substituted for magnesium arsenate when 
the ingredients are readily available to growers. 

On bush beans drilled in rows 3 feet apart, dust should be applied 
at the rate of 15 pounds or a little less per acre. Dust should be 
applied when there is no wind blowing and to the under surface of 
the leaves. Dew is not essential, but best atmospheric conditions 
usually occur when dew is on the plants. 

On small plantings up to 8 acres in size a knapsack type of hand- 
bellows duster with tube attached to a flexible hose gives best results. 
On larger plantings up to 5 to 10 acres, a 2-row duster with nozzles 
arranged to direct the dust to the under surface of the leaves should 
be used. One dusting to the row is sufficient except in very heavy 
infestations, when each row should be dusted from both sides. On. 
larger plantiags a power or traction 4-row duster is necessary. Beans 
should be planted in straight rows and at equal distances apart for all 
control operations where two or more rows are treated at once. 

Where the beetle is numerous, bush beans should be planted. 
Pole beans mature too slowly and require too many applications to 
make control practicable. | 
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SUMMARY. 


The Mexican bean beetle is the most serious insect enemy of edible 
beans in the portions of the United States which it inhabits. It has 
long been present in the Southwest, and within the last few years 
has made its appearance in the Southeast. At the close of 1922 the 
infestation included portions of seven States in that section, including | 
Alabama, Georgia, Kentucky, North Carolina, South Carolina, 

_ Tennessee, and Virginia. It is spreading northward rapidly and, as 
it is capable of long flights, may, in the course of a few years, extend 
its range over the whole central and eastern part of the United States. 

The adult insect, or beetle, is copper-colored, bears eight black 
spots on each wing cover, and is about one-fourth of an inch long. 
The female lays orange-yellow eggs in masses of from 40 to 60 on 
the lower surfaces of the leaves, and in from 5 to 7 days during summer 

_ these hatch into small spiny orange-yellow larve, which when full- 
grown are about one-third of an inch long. The larval period is 
from 16 to 20 days long in summer. The larva transforms to pupa 
on the lower surface of a leaf, or on near-by weeds or other objects, 
and emerges as a beetle in 6 or 7 days, requiring in Alabama a total 
from egg to adult of 27 to 33 days during summer. 7 
The Mexican bean beetle is extremely prolific. A maximum of 
four generations from first egg to first adult in each generation 
occurred in 1921 and 1922; that is, the earliest progeny of each 
generation was reared and four generations were produced. * Two. 
generations annually, with a possible third, may be considered the 
rule in the field, with the peak of the infestation during July and 
early August. 
The beetles and larve feed on the under surface of the leaves of 
_ beans and other legumes, leaving a characteristic network of tissue, 
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which soon dries. When beetles are abundant, beans are destroyed 
in two or three weeks. Since the larva consumes relatively greater 
quantities of leaf tissue than the beetle, the former is the more 
destructive stage. Im many sections of the South this insect has 
destroyed entire bean crops in the last two years, and has caused 
serious damage one year after it has reached a new locality. 

Winter is passed by the beetle in woodlands or sheltered places 
distant from the infested bean field; only a small proportion of over- 
wintered adults remain in the field. They bautls to hibernate gre- 
gariously. Most suitable hibernation quarters in the Southeast are 
on wooded slopes where accumulations of leaves or pine needles offer 
protection and relatively constant moisture conditions. 

The Mexican bean beetle, while primarily a bean pest, is able to 
reproduce on beggarweed, cowpeas, soy beans, and a few other plants. 

Where the bean beetle thrives, control measures are essential. 

The bean plant is very susceptible to injury from arsenicals, and 
care must be exercised in their use. Best results for its control have 
been obtained with magnesium arsenate, applied as a spray at 
the rate of 2 pounds to 100 gallons of water, or about 2 pounds per 
acre, on bush beans drilled in rows 3 feet apart. This arsenical 
is safe for application to bean foliage and at the same time is sufhi- 
ciently toxic to kill larve and some adults. Caseinate of lime may 
be used as a spreader at the rate of 1 pound to 100 gallons of spray. 
About 90 to 100 gallons of spray are required per acre when a large 
machine is used which directs three nozzles to each row. Two of 
the nozzles should be directed so that the spray will reach the under 
side of the leaves. The third nozzle should be directed to the tops 
of the plants. While this third nozzle is not absolutely necessary, 
best results have been obtained where three nozzles were used. 
The spray should be appled at 150 pounds pressure or higher. 

Where spraying is impracticable because of lack of water facilities 
or for other reasons, good results may be obtained by the thorough 
application of a dust consisting of 1 part of high-grade calcium arsenate 
and 9 parts of hydrated lime. On small acreages a knapsack bel- 
lows duster with a spout attached to a flexible hose is satisfactory. 
This dust should be applied to the under side of the leaves at the 
rate of about 15 pounds per acre. Similar results have followed 
the use of a mixture consisting of 1 part of dry calcium arsenate, 1 
part of fine dusting sulphur, and 4 parts of hydrated lime. Dust 
mixtures can be prepared on the farm more economically than they 
can be purchased. 

Heavily infested fields should be plowed under as soon as the crop 
is picked. The grower should not plant more beans than he can 
treat properly. Treatment should begin as soon as the eggs of the 
bean Pacts become numerous, usually at about the time the third 
true leaf appears on the plant. From one to five applications are 
required, departaiee on the degree of infestation, whether light or 
heavy. 
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